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PREFACE. 


J^VERfince  the  days  of  the  Lord  Chan- 
cellor Bacon>  natural  pbilofophy 
hath  been  more  and  more  cultivated  in  Eng^ 
land.  That  great  genius  Jirjlfet  out  with 
taking  a  general  furvey  of  all  the  natural 
faiences  J  dividing-  them  into  diJlinSl  branches  ^ 
wbiib  he  enumerated  nvith  great  exailne/s. 
He  inquired  fcrupuloujly  into  the  degree  of 
knowledge  already  attained  to  in  each^  and 
drew  up  a  lift  of  what  fill  remained  to  be 
difcovered:  this  was  the  fcope  of  his  frji  un^ 

der taking.     Afterward  he  carried  bis  views 
A  4  much 
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much  fartbeti,  and  Jhewed  the  necejfity  of  an 

experimental  phiJofaphy^  a  thing  never  before 

thought  of     As  be  was  a  profojfed  enemy  to 

Jyftems^  he  confidered  pbilofophy,  no  othenvife 

than  as  that  part  of  knowledge  which  con* 

tributes  to  make  men  better  and  happier :  he 

feems  to  limit  it  to  the  knowledge  of  things 

ufeful^  recommending  above  all  the  Jludy  of 

nature^  and  Jhewing  that  no  progrefs  can  be 

made  therein^  but  by  colleEling  fa£ls^    and 

,  comparing  experiments^   of  which  he  points 

out  a  great  number  proper  to  be  made. 

But  notwithjlanding  the  true  path  tofcience 
was  thus  exaSlly  marked  out,  the  old  notions 
of  the  fchools  fo  Jirongly  pojfejjed  people  s  minds 
at  that  timCi  as  not  to  be  eradicated  by  any 
new  opinions^  how  rationally  foever  advanced^ 
until  the  illujlrious  Mr.  Boyle,  the  fir  ft 
who  furfued  Lord  Bacon's  plan,  began 
to  put  experiments  in  praSlice  with  an 
ajjiduity  equal  to  his  great  talents.  Next, 
the  Royal  Society  being  efiablijhed,  the 
true  philofophy  began  to  be  the  reigning  tajle 
of  the  age^  and  continues  fo  to  this  day. 

%  rbe 
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The  immortal  Sir  Isaac  Newton  in^ 
jifitd  even  in  his  early  years^  that  it  nvat 
high  time  to  hamjh  vague  conjtiinres  and 
bypothefes  frxm  natural  pbilofophyt  and  to 
bring  thatfcience  under  an  entire  fubje^ion 
to  experiments  and  geometry.  Hefrequentfy 
.called  it  the  experimental  philofopfay,^  as 
to  exprefsjignificantly  the  difference  between 
it  and  the  number lefsfyjiems  which  hadarifen 
merely  out  of  the  conceits  of  inventive  brains: 
the  one  fubfifing  no  longer  than  thefpirit  of 
novelty  Iqfts^^  the  other  never  failing  whil/l 
the  nature  of  things  remain  unchanged. 

The  method  of  uacbing  and  l^htg  the 
foundation  of  phyfics^  iy  public  courfes  of 
experiments^  nvas  firfl  undertaken  in  this 
kingdom^  I  believe ^  by  Dr.  John  Keill, 
land  fince  improved  and  enlarged  by  Mr. 
Hauksbee,  Dr.  Desagvliers,  Mr: 
Whiston,  Mr.  Cotes,  Mr.  Whiteside, 
Dr.  Bradley,  our  late  Regius  and  Savi^ 
Han  profeffor  of  Afironomy^  and  the  Re^ 
verend   Dr.    Bliss    hit  fucceffor. 

Nor 
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Nor  has  the  fame  been  negleSied  by  Dfs 
James,  and  Dr.  David  Gregory,  Sir 
Robert  Stewart,  and  after  him  Mr. 
Maclaurin.— jDr.  Helsham  in  Ire^ 
iandj  Meffteurs  s'Gravesande  and 
MuscHENBRoEK,  and  the  jibb^NoLLET 
in  France^  have  alfo  acquired  jufi  applaufe 
thereby. 

The  fubjlance  of  my  own  attempt  in  this 
ivay  of  inJlrumentalinflru6lion^  the  following 
Jheets  (excluftve  of  the  ajlronomical  part  J 
nvillfhevj:  the  fatisfaSlion  they  have  gene^ 
rally  given^  read  as  leBures  to  different 
audiences^  affords  mefome  hope  that  they  may 
he  favourably  received  in  the  fame  form  by 
the  Public. 

I  ought  to  obfervCy  that  though  the  five  laft 
leElures  connot  be  properly  faid  to  concern  ex-- 
perimental philofophyy  Iconftderedy  hoivever^ 
that  they  voere  not  offo  different  a  clafsy  but 
that  they  mighty  without  much  impropriety^ 
befubjoined  to  the  preceding  ones. 

My 
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My  apparatus  (part  of  which  is  defcribed 
Sen  J  and  the  refi  in  a  ^.fonhtr  nvark)  is 
rather ftmpk  than  magnificent;  ivhich  is 
owit^  to  a  particular  point  I  had  in  vieiv 
at  Jirjl  Jetting  outj  namely^  to  avoid  all  fa^ 
ferfiuity^  and  to  render  every  thing  as 
plain  and  intelligible  as  I  thought  the  fvb-- 
je£l  would  admit  of. 


^  Aftronomy  ezpliined  apon  Sir  Isaac  Newton's 
pnDciplesy  and  made  taSy  to  thofe  w2»o  have  sot  ftadied 
natkcmatica. 
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Of  Mutter  and  its  Pnptriies. 

A  S  the  defign  of  the  firft  part  of  this 
jr\  courfe  is  to  explain  and  demon (irace  thofc 
laws  by  which  the  material  univerfe  is  governed^ 
regulated,  and  continued ;  and  by  .which  the 
various  appearances  in  nature  are  accounted  for  ^ 
it  is  requifite  to  begin  with  explaining  the  pro- 
perties of  matter. 

By  the  word  matter  is  here  meant  every  thing  Mattpr, 
that  has  length,    breadth,  and  thickne^,  andwhau 
refifts  the  touch. 

The  inherent  properties  of  matter  are  folidity,  itc  pro. 
inadtivity,  mobility,  and  divifibility.  perties. 

The  falidity  of  matter  arifes  from«its  having  solidity, 
length,  breadth,  thicknefs ;  and  hence  it  is  thait 
all  bodies  are  conrprebended  under  fome  fhape 
or  other,  and  that  each  particular  body  hinders 
all  others  from  occupying  the  fame  part  of  fpacc 
which  it  pofTefTeth.  Thus,  if  a  piece  of  wood 
or  metal  be  fqueezed  ever  fo  hard  between  two 
plates,  they  cannot  be  brought  into  contrad. 
And  even  water  or  air  has  this  property  ;  for  if 
Z  fmall  quantity  of  it  b$  f;xed  between  any  other. 

bodies, 
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bodies*  they  cannot  be  brought  to  touch  one 
another, 
Inaaivity.  ^  fecond  property  of  nnatter  is  ina8ivh}\  or 
paffivenefs\  by  which  it  always  endeavours  to 
continue  in  the  ftate  that  it  is  in,  whether  of  reft 
,  or  motion.  And  therefore,  if  one  body  contains 
twice  or  thrice  as  much  matter  as  another  body 
does,  it  will  have  twice  or  thrice  as  much  inac- 
tivity \  that  is,  it  will  require  twice  or  thrice  as 
much  force  to  give  it  an  equal  degree  of  motioti, 
or  to  (top  it  after  it  hath  been  put  into  fuch  a 
motion. 

That  matter  can  never  put  itfelf  into  motion  is 
allowed  by  all  men.  For  they  iee  that  a  (tone, 
lying  on  the  plane  furface  of  the  earth,  never 
removes  itfelf  from  that  place,  nor  does  any  one 
imagine  it  ever  can.  But  mod:  people  are  apt 
to  believe  that  all  matter  has  a  propenQty  to 
fall  from  a  ftate  of  motion  into  a  ilate  of  reft ; 
becaufe  they  fee  that  if  a  ftone  or  a  cannon- baU 
be  put  into  ever  fo  violent  a  motion,  it  foon  flops  \ 
not  confidering  that  this  ftoppage  is  caufed, 
I .  By  the  gravity  or  weight  of  the  body,  which 
finks  it  to  the  ground  in  fpite  of  the  impulfe ; 
and,  2.  By  the  refiftance  of  the  air  through  which 
It  moves,  and  by  which  its  velocity  is  retarded 
every  moment  till  it  falls. 

A  bowl»nK)ves  but  a  fhort  way  upon  a  bowl- 
ing-green ;  becaufe  the  roughnefs  and  uneven- 
ncfs  of  the  graflTy  furface  foon  creates  friftion 
enough  to  ftop  it.  But  if  the  green  were  per* 
fe(5tly  level,  and  covered  with  polifhed  glafs,  and 
the  bowl  were  perfectly  hard,  round,  and  fmootb, 
it  would  go  a  great  way  farther ;  as  it  would 
have  nothing  but  the  air  to  refift  it ;  if  then  the 
air  were  taken  away,  the  bowl  would  go  on 
without  any  friftionj  and  confequently  without 

any 
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lAhy  diminution  of  the  velocity  it  had  at  fettiiig 
out :  and  therefore,  if  the  green  were  extended 
4uite  around  the  earth,  the  bowl-MCOuld  go  on» 
found  and  round  the  earth,  for  ever.  - 

If  the  bowl  were  carried  feveral  miles  abov6 
the  earth;  and  there  projected  ih  a  horizontal 
diredion,  with  fuch  a  velocity  as  would  mak« 
it  move  more  than  a  femidiameter  of  the  earth9 
in  the  time  it  would  take  to  fall  to  the  earth  by 
gravity;  in  that  cafe,  and  if  there  were  no  rt^ 
filling  medium  in  the  way,  the  bowl  would  not 
fall  to  the  earth  at  all ;  but  would  continue  to 
circulate  round  it,  keeping  always  in  the  famtf 
trad,  and  returning  to  the  fame  point  fix>ni 
which  it  was  projefted,  with  the  fame  velocity 
as  at  firft.  In  this  manner  the  moon  goes  round 
the  earth,  although  fhe  be  as  unadive  and  dead 
as  any  ftone  upon  it. 

The  third  property  of  matter  is  mobility ;  for  Mobilitjr. 
we  find  that  all  matter  is  capable  of  being  moved, 
if  a  fufficient  degree  of  force  be  applied  to  over- 
come its  inadtivity  or  rcfiftancc. 

The  fourth  property  Of  matter  is  dsvifibility^  DivifibU 
of  which  there  can  be  no  end.    For,  fince  matter  ^* 
can  never  be  annihilated  by  cutting  or  breaking,. 
we  can  never  imagine  it  to  be  cut  into  fuch  fmall 
particles,  but  that  if  one  of  them  be  laid  on  a 
table,  the  uppermoft  fide  of  it  will  be  further 
from  the  table  than  the  undermofl:  fide.     More- 
over, it  would  be  abfurd  to  fay  that  the  greateft 
mountain  on  eanh  has  more  halves,  quarters,  or 
tenth  parts,  than  the  fmalleft  particle  of  matter 
has. 

We  have  many  furprifing  inftances  of  the 
fmallnefs  to  which  matter  can  be  divided  by  art: 
oi  which  the  two  following  are  very  remarkable. 

B  I.  If 
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1.  If  a  pound  of  Clver  be  melted  with  a  Cngle 
erain  of  gold,  the  gold  will  be  equally  di£fuled 
through  the  whole  filver;  fo  that  taking  one 
grain  from  any  part  of  the  mafs  (in  which  there 
can  be  no  more  than  the  5760th  part  of  a  grain 
of  gold)  and  difiblving  it  in  aqua  fortis^  the 
gold  will  fall  to  the  bottom. 

2.  The  gold  beaters  can  extend  a  grain  of  gold 
into  a  leaf  containing  50  fquare  inches;  and  this 
leaf  may  be  divided  into  500000  vilible  parts. 
For  an  inch  in  length  can  be  divided  into  100 
parts,  every  one  of  which  will  be  vilible  to  the 
Dare  eye:  confequently  a  fquare  inch  can  be 
divided  into  ioooo  parts,  and  50  fquare  inches 
into  500000.  And  if  one  of  thcfe  parts  be 
viewed  with  a  microfcope  that  magnifies  the 
diameter  of  an  objeA  only  10  times,  it  will 
magnify  the  area  100  times;  and  then  the  looth 
part  of  a  500000th  part  of  a  grain  (that  is,  the 
50  millionth  part)  will  be  vilible.  Such  leaves 
are  commonly  ufed  in  gilding ;  and  they  are  (b 
very  thin,  that  if  124500  of  them  were  laid  upon 
one  another,  and  prcffed  together,  they  would 
not  exceed  one  inch  in  thicknefs. 

Yet  all  this  is  nothing  in  comparifon  of  the 
lengths  that  nature  goes  in  the  divifion  of  mat- 
ter. For  Mr.  Leewenboek  tells  us,  that  there  arc 
more  animals  in  the  milt  of  a  iingle  cod-fi(h» 

.  than  there  are  men  upon  the  whole  earth :  and 
that,   by  comparing  thefe  animals  in  a  mlcro- 

•  fcope  with  grains  of  common  fand,  it  appeared 
that  one  fingle  grain  is  bigger  than  four  millions 
of  them.  Now  each  animal  muft  have^  heart* 
arteries,  veins,  mufclcs,  and  nerves,  oiherwife 
they  could  neither  live  nor  move.  How  incon- 
ceivably fmall  then  muft  the  particles  of  their 
blood  be,  to  circulate  through  the  fmalleft  rami- 

ficatigns 
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ficatibns  and  Joinings  of  their  arteries  and  veins  ? 
it  has  been  found  by  taltulation,  |hat  a  particle 
of  their  blood  mlift  be  as  much  {mailer  than  a 
^lobe  pf  the  tehth  part  of  an  inch  in  diameter,  as 
that  globe  is  frhaller  than  the  whole  earth  ;  and 
ycti  if  thefe  particles  be  compared  with  the  par- 
ticles of  light,  they  will  be  found  to  exceed  . 
thetri  as  much  ih  bulk  a^  mountains  do  fingle 
graihs  of  fahd.  For,  the  force  of  ariy  body 
ftrikitlg  againfl:  ian  obftacle  is  direftly  in  pro- 
portion to  its  quantity  of  matter  multiplied  into 
Its  velocity  :-  and  fince  the  velocity  of  the  par- 
ticles of  light  is  demonftrated  to  be  at  ieaft  a 
kniilioh  times  greater  than  the  velocity  of  a  can- 
hpn-ball,  it  is  plain,  thatt  if  a  million  of  thefe 
particles  were  as  big  as  a  fingle  grain  of  fand. 
We  durft  no  more  open  our  eyes  to  the  light, 
than  we  durft  expofe  them  to  fand  (hot  point- 
blank  from  a  canhon. 

That  matter  is  infinitely  divifibl^,  in  a  mathe-  Pjate  L 
knatical  fenfe,  is  eafy  to  be  demohftratcd.     For,  ^'S*  *• 
let  /iB  be  the  length  of  a  particle  to  be  divided ; 
and  let  it  be  touched  at  oppofite  ends  by  the  pa- 
rallel lines  CD  and  £F,  which,  fuppofe  to  be 
infinitely  extended  beyond  D  and  F.     Set  ofl[ 
the  equal  divifions  5G,  G//,  HI,  &c.  on  the^*^^'".*: 
line  E  P,  towards  the  right  hand  from  B  \  and  Ubiiiiy  pf 
take  a  point,  as  at  R^  any  where  toward  the  left  matter 
hand  from  A,  in  thp  line  CD:  Then,  from  this  proved. 
point,  draw  the  right  lines  RG,  RH,  RI,  &c. 
each  of  which  will  cut  ofi^  a  part  from  the  par- 
ticle AB.     But  after  any  finite  number  of  Vuch 
lines  are  drawn,  there  will  ftill  remain  a  part,  as 
jiPj  at  the  top  of  the  particle,  which  can  never 
be  cut  off:  becaufe  the  lines  DR  and  EF  being 
parallel,  no  line  can  ever  be  drawn  from  the 
point  R  to  any  poiot  of  the  line  EF  that  will 
B  2  coincide 
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coincide  with  the  line  RD.    Therefore  thb  par* 

tide  AB  contains  more  than  any  finite  number 

of  parts, 
ftttrao         A  fifth  property  of  matter  is  attraSioHj  which 
^®"'        feems  rather  to  be  infufcd  than  inherent.     0£ 

this  there  are  four  kinds,  viz.  cobeJioHf  gravita-r 

tioftj  magnetifm^  and  ekSiricUy. 
Cohcfion.      The  attraSlion  of  cohefion  is  that  by  which  the 

fmall  pares  of  matter  are  made  to  (lick  and  co« 

here  together.    Of  this  we  have  fcveral   in- 

fiances,  fome  of  which  follow. 

1.  If  a  fmall  glafs  tube,  open  at  both  ends^  be 
dipt  in  water,  the  water  will  rife  up  in  the  tube 
to  a  confiderable  height  above  its  level  in  the 
bafon :  which  muft  tc  owing  to  the  attraflion 
of  a  ring  of  particles  of  the  glafs  all  round  in 
the  tube,  immediately  above  thofe  to  which  the 
water  at  any  inftant  rifes.  And  when  it  has  rifen 
lb  high,  that  the  weight  of  the  column  balances 
the  attradtion  of  the  tube,  it  rifes  no  higher. 
This  can  be  no  ways  owing  co  the  preifure  of  th« 
air  upon  the  water  in  the  bafon  \  for,  as  the  tube 
is  open  at  top,  it  is  full  of  air  above  the  water, 
which  will  prefs  as  much  upon  the  water  in  the 
tube  as  the  neighbouring  air  does  upon  any 
column  of  an  equal  diameter  in  the  bafon.  Be* 
fides,  if  the  fame  experiment  be  made  in  an 
exhaufted  receiver  of  the  air-pump,  there  will 
be  found  no  difference, 

2.  A  piece  of  loaf-fugar  will  draw  up  a  fluid, 
and  a  fpungc  will  draw  in  water :  and  on  the 
fame  principle  fap  afcends  in  trees. 

3.  If  two  drops  of  quickfilver  be  placed  near 
each  other,  they  will  run  together  and  becomf 
one  large  drop. 

4.  If  two  pieces  of  lead  be  fcraped  clean,  and 
preflcd  together  with  a  twift,  they  will  attraft 

each 
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etch  other  fo  ftrongly,  as  to*  require  a  force 
much  greater  than  their  own  weight  to  feparate 
them.  And  this  cannot  be  owing  to  the  prefTure 
of  the  air,  for  the  fame  thing  will  hold  in  an 
exhaufted  receiver. 

5.  If  two  polilhed  places  of  marble  or  brafs 
be  put  together,  with  a  little  oil  between  them 
to  fill  up  the  pores  in  their  furfaces,  and  prevent 
the  lodgement  of  any  air ;  they  will  cohere  fa 
ftrongly,  even  if  fufpended  in  an  exhaufled  re- 
ceiver, that  the  weight  of  the  lower  plate  will 
pot  be  able  to  feparate  it  from  the  upper  one.  In 
putting;  thefe  plates  together,  the  one  fhould  be 
rubbed  upon  the  other,  as  a  joiner  does  two 
pieces  of  wood  when  he  glues  them. 

6.  If  two  pieces  of  cork,  equal  in  weight,  be 
put  near  each  other  in  a  bafon  of  water,  they  will 
move  equally  faft  toward  each  other  with  an 
accelerated  motion,  until  they  meet :  and  then, 
if  either  of  them  be  moved,  it  will  draw  the 
other  after  it.  If  two  corks  of  unequal  weights 
be  placed  near  each  other,  they  will  approach 
with  accelerated  velocities  inverfcly  proportion 
nate  to  their  weights  :  that  is,  the  lighter  cork 
will  move  as  much  fafter  than  the  heavier,  as  tho 
heavier  exceeds  the  lighter  in  weight.  This 
(hews  that  the  attraction  of  each  cork  is  in  dire& 
proportion  to  its  weight  or  quantity  of  matter. 

Ihis  kind  of  attradion  reaches  but  to  a  very 
fmall  diftance ;  for,  if  two  drops  of  quickfilver 
be  rolled  in  duft,  they  will  not  run  together, 
becaufe  the  particles  of  duft  keep  them^  out  of 
the  fphere  of  each  other's  attra6lion. 

Where  the  fphere  of  attraftion  ends,  a  repuU  RcpuU 
Jvut  force  begins -»  thus,  water  repels  moft  bodies  ^^'** 
(iU  they  are  wet i, and  hence  it  is,  that  a  fhiaU 
B  3  ncedlci 
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pccdlc,  if  dryt  fiiTims  upon  water  \  and  flies  walk 
upon  it  without  wetting  their  feet. 

The  repelling  force  of  the  particles  pf  a  fluid 
is  but  fmall;  and  therefore,  if  a  fluid  be  divided^ 
it  eafily  unites  again.  But  if  glaf$,  or  any  othec 
hard  fubftance,  be  broke  into  fmall  parts^  they 
cannot  be  made  to  (tick  together  again  without 
being  firft  wetted :  the  repulfion  being  too  great 
to  admit  of  a  re-union. 

The  repelling  force  between  water  and  oil  is 
{b  great,  that  we  find  it  almoft  impoflible  to  mix 
them  fo,  as  not  to  feparate  again.  If  a  ball  of 
light  wood  be  dipt  in  oil,  and  then  put  into  wa- 
ter, the  water  will  recede  fo  as  to  form  a  channel 
of  fome  depth  all  around  the  ball. 

The  repulfive  force  of  the  particles  of  air  is  fo 
oreat,  that  they  can  never  be  brought  fo  near  to- 
gather  by  condenfation  as  to  make  them  ftick  or 
cohere.  Hence  it  is,  that  when  the  weight  of 
the  incumbent  atmofphere  is  taken  off  from  any 
fmall  quantity  of  air,  that  quantity  will  diffufe  it- 
felf  fo  as  to  occupy  (in  comparifon)  an  infinitely 
greater  portion  of  fpace  than  it  did  before. 
JSrtvita-  y/ilraSion  of  gravitation  is  that  power  by 
n^:  which  diftant  bodies  tend  towards  one  another. 
Of  this  we  have  daily  inflances  in  the  falling 
of  bodies  to  the  earth.  By  this  power  in  the 
earth  it  is,  that  bodies,  on  whatever  i^de,  fall  in 
lines  perpendicular  to  its  furface;  and  conic* 
quently,  on  oppofite  fides,  they  fall  in  oppofite 
diredlions;  all  towards  the  center,  where  the 
force  of  gravity  is  as  it  were  accumulated  :  and 
by  this  power  it  is,  that  bodies  on  the  earth's 
furface  are  kept  to  it  on  all  fides,  fo  that  they 
cannot  fall  from  it.  And  as  it  a£bs  upon  all  tx>- 
dies  in  proportion  to  their  refpedive  quantities 
pf  matter,  without  any  regard  to  their  bulks  or 

figures, 
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figures,  it  accordii^ljr  conftitutes  their  weight 
IieDce, 

If  two  bodies  which  contain  equal  quantities 
of  matter, were  placed  at  ever  fo  great  a  diftance 
from  one  another,  and  then  left  at  liberty  in  free 
fpace  •,  if  there  were  no  other  bodies  in  the  uni- 
verfc  to  aflfea  them,  they  would  fall  equally  fwift 
towards  one  another  by  the  power  of  gravity; 
with  velociries  accelerated  as  they  approached 
each  other ;  and  would  meet  in  a  point  which 
was  half-way  between  them  at  firft.  Or,  if  two 
bodies,  containing  unequal  quantities  of. matter, 
were  placed  at  any  diftance,  and  left  in  the  fame 
manner  at  liberty,  they  would  fall  towards  one 
another  with  velocities  which  would  be  in  an 
inverfe  proportion  to  their  reipedtive  quantities 
of  matter;  and  moving  fafter  and  fafter  in  their 
mutual  approach,  would  at  laft  meet  in  a  point 
as  much  nearer  to  the  place  from  which  the 
heavior  body  began  to  fall,  than  to  the  place 
from  which  the  lighter  body  began  to  fall,  as 
the  quantity  of  matter  in  the  former  exceeded 
that  in  the  latter. 

All  bodies  that  we  know  of  have  gravity  or 
weight.  For,  that  there  is  no  fuch  thing  as  po- 
fitive  levity,  even  in  fmoke,  vapours,  and  fumes, 
is  demonftrable  by  experiments  on  the  air- 
pump  ;  which  (hews,  that  although  the  fmoke 
of  a  candle  afcends  to  the  top  of  a  tall  receiver 
when  full  of  air,  yet,  upon  the  air's  being  ex- 
haufted  out  of  the  receiver,  the  fmoke  falls  down 
to  the  bottom  of  it.  So,  if  a  piece  of  wood  be 
immerfed  in  a  jar  of  water,  the  wood  will  rife  tq 
the  top  of  the  water,  becaufe  it  has  a  lefs  degree 
of  weight  than  its  bulk  of  water  has :  but  if  the 
jar  be  emptied  of  water,  the  wood  falls  to  the 
bottom^ 

B  4  Ai 
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Gravity        As  cvcry  particle  of  matter  has  its  proper 
^mw-     gravity,  the  effeft  of  the  whole  muft  be  in  pro- 
bc*M  the  P^^^^^^  ^^  ^^^  number  of  the  attrafting  particles  j 
qointity    that  is,  as  the  quantity  of  matter  in  the  whole 
pf  matter  body.    This  is  demonftrable  by  experiments  on 
in  bodies,  pendulums ;  for,  if  they  are  of  equal  lengths^ 
vvhatever  their  weights  be,  they  vibrate  in  equal 
times.    Now  it  is  plain,  that  if  one  be  double  or 
triple  the  weight  of  another,  it  muft  require  ^ 
double  or  triple  power  of  gravity  to  make  it 
fnove  with  the  fame  celerity  :  juft  as  it  would 
require  a  double  or  triple  force  to  projedt  a  bul- 
let of  twenty  or  thirty  pounds  weight  with  the 
fame  degree  of  fwifcnefs  that  a  bullet  of  ten 
pounds  would  require.     Hence  it  is  evident, 
that  the  power  or  force  of  gravity  is  always  pro- 
portional to  the  quantity  of  matter  in  bodies, 
whatever  their  bulks  or  figures  are. 
It  de-  Gravity  alfo,  like  all  other  virtues  or  eman^- 

creafcs  as  tions  which  proceed  or  iffue  from  a  center,  de- 
^^f*  &  ''^  creafes  as  the  diftance  multiplied  by  itfelf  in- 
diftancc     creafcs  :  that  is,  a  body  at  twice  the  diftance  of 
increafcB.  another,  attrads  with  only  a  fourth  part  of  the 
force ;  at  thrice  the  diftance,  with  a  ninth  part; 
9t  four  times  the  diftance,  with  a  fixteenth  part*^ 
and  fo  on.    This  too  is  confirmed  by  comparing  ^ 
the  diftance  which  the  moon  falls  in  a  miniate, 
from  a  right  line  touching  her  orbit,  with  the 
diftance  through  which  heavy  bodies  near  the 
earth  fall  in  that  time.     And  alfo  by  comparing 
the  forces  which  retain  Jupiter's  moons  in  their 
orbits,  with  their  refpedtive  diftances  from  Ju- 
piter.    Thcfe  forces  will  be  explained  in  the 
next  lefture. 

The  velocity  which  bodies  near  the  earth  acr 
quire  in  defcending  freely  by  the  force  of  gravity, 
is  proportional  to  tiie  times  of  their  defcent. 

For, 
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For^  as  the  power  of  gravity  does  not  conGft  in 
IsGngle  impulfe,  but  is  always  operating  in  % 
(conftant  and  uniform  manner,  it  muft  produce 
equal  efiedb  in  equal  times ;  and  confequentW  in 
a  double  or  triple  time,  a  double  or  triple  tflc&f 
And  fo,  by  aaing  uniformly  on  the  body,  mUfj; 
laccelerate  its  motion  propprtionably  to  the  tinio 
of  its  defccntt 

To  be  a  little  more  particular  on  this  fubjeft, 
Jet  us  fuppofe  that  a  body  begins  to  move  with 
^  celerity  cc^nftandy  and  gradually  IncreaQng,  in 
fuch  a  manner,  as  would  carry  it  through  amilo 
in  a  minute ;  at  the  end  of  this  fpace  it  will  havo 
acquired  fuch.^  degree  of  celerity,  as  is  fufHcient 
%o  carry  it  two  miles  the  next  minute,  though  ic 
jhould  then  receive  no  new  impulfe  from  the 
caufe  by  which  its  motion  had  been  accelerated ;. 
but  if  the  fame  accelerating  caufe  continues,  it 
will  carry  the  body  a  mile  farther ;  on  which 
account,  it  will  have  run  through  four  miles  at 
the  end  of  two  minutes  *,  and  th^n  ic  will  have 
acquired  fuch  a  degree  of  celerity  ^s  is  fufficient 
to  carry  it  through  a  double  fpace  in  as  much 
more  time,  or  eight  miles  in  two  minutes,  eve^ 
though  the  accelerating  force  {hould  aft  upon  ic 
no  more.  But  this  force  dill  continuing  to  ope- 
rate in  an  uniform  manner,  will  again,  in  an 
equal  time,  produce  an  equal  efieft ;  and  fo,  by 
carrying  it  a  mile  further,  caufe  it  to  move 
through  five  miles  the  third  minute;  for,  the 
celerity  already  acquired,  and  the  celerity  (till 
acq^ing,  will  haye  each  its  complete  effeft. 
Hence  we  learn,  that  if  the  bcdy  mould  move 
one  mile  the  firft  minute,  it  would  move  three 
miles  the  fecond,  five  the  third,  feven  the  fourth^ 
pine  the  fifth,  and  fo  on  in  prqpordon. 

AncJ 
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And  thus  it  appears^  that  the  fpaccs  dcicribed 
in  fucccflive  equal  parts  of  time,  by  an  uniformly 
accelerated  motion,  are  always  as  the  odd  num- 
bcr^  i>  3j  5»  7»  9>  &c,  and  confequcntly,  the 
whole  fpaces  are  as  the  fquares  of  the  times,  or  of 
the  laft  acGuired  velocities.  For,  the  continued 
addition  of  the  odd  numbers  yields  the  fquares 
,of  all  numbers  from'unity  upwards.  Thus,  i  ii 
the  firft  odd  number,  and  the  fquare  of  i  is  i  ^ 
3  is  the  fecond  odd  number,  and  this  added  to 
I  makes  4,  the  fquare  of  2 ;  5  is  the  third  odd 
number,  which  added  to  4  makes  9,  the  fquare 
of  3. J  and  fo  on  for  ever.  Since,  therefore,  the 
times  and  velocities  proceed  evenly  and  conftant- 
ly  as  I,  2,  g,  4,  &c.  but  the  fpaces  defcribed  in 
each  equal  times  are  as  i,  3,  5,  7,  &c.  it  is  cvi-' 
d^nt  that  the  fpace  defcribed 

In  I  minute  will  be  -  -  -      iizfquare  of  i 
In  2  minutes  -  -     1  +  3=  4z: fquare  of  2 
In  3  minutes  -  1+3-1-5=:  9— fquare  of  3 
In4minutcs  1+3+5+7=: i6nfquare  of  4,&c, 

N.  B.  The  charafter  +  fignifies  morej  and  z= 
equal. 

Tbc  dc-        As  heavy  bodies  are  uniformly  accelerated  by 

fccnding   ||,g  power  of  gravity  in  their  defcenr,  it  is  plain 

wlugivc    ^^^^  ^^^y  °^"^  ^^  uniformly  retarded  by  the 

aoower    fame  power  in  their  afcent.    Therefore,  the  ve- 

ofeqoal    locity  which  a  body  acquires  by  falling,  is  fuffi- 

afcent      ^^j^^j  ^^  ^a,.|.y  j^  ^p  again  to  the  fame  height 

from  whence  it  fell :  allowance  being  made  for 

the  refinance  of  the  air,  or  other  medium  in 

Fig.  3«     which  the  body  is  moved.     Thus,  the  body  D 

in  rolling  dowa  the   inclined  plane  jiB  will 

acquire  fuch  a  velocity  by  the  time  it  arrives  at 

B,  as 


Pj  as  will  cany  it  up  the  inclinpd  plane  BCj  al- 
nuift  CO  C;  and  would  carry  it  quite  up  to  C,  if 
the  body  and  plane  were  perfedly  fmootbt  and 
the  air  gave  no  refillance. — So,  if  a  pendulum 
were  put  into  motion,  in  a  fpace*quite  free  of 
air,  and  all  other  refiftance,  and  had  no  friftion 
on  the  point  of  fufpenfion,  it  would  move  for 
ever :  for  the  velocity  it  had  acquired  in  falling 
through  the  defcending  part  of  the  arc,  would 
be  ftill  fufficienc  to  carry  it  equally  high  in  the 
afcending  part  thereof. 

The  center  of  grotty  is  that  point  of  a  body  The  ccn* 
jn  which  the  whole  force  of  its  gravity  or  weight  tcr  of 
is  united.    Therefore,  whatever  fupports  that  V^''^^^ 
point  bears  the  weight  of  the  whole  body  :  and 
Whilft  it  is  fupported,  the  body  cannot  &1U 
becaufe  all  its  parts  are  in  a  perfef):  equilibrium 
about  that  point. 

An  imaginary  line  drawn  from  tfee  center  of 
gravity  of  any  body  towards  the  center  of  the 
earth,  is  called  the  line  of  dinStion.     In  this  line  and  line 
all  heavy  bodies  defcend,  if  not  obflru&ed.        <>/  dircc- 

Since  the  whole  weight  of  a  body  is  united  in  ^®"* 
its  center  of  gravity,  as  that  center  afcends  or 
defcends,  we  niuft  look  upon  the  whole  body  to 
do  fo  too.  But  as  it  is  contrary  to  the  nature  of 
heavy  bodies  to  afcend  of  their  own  accord,  or 
not  to  defcend  when  they  are  permitted;  we 
may  be  fure  that,  unlefs  the  center  of  gravity 
be  fupported,  the  whole  body  will  tumble  or 
falL  Hence  it  is,  that  bodies  ftand  upon  their 
bafes  when  the  line  of  direftion  falls  within  the 
bafe ;  for  in  this  cafe  the  body  cannot  be  made 
to  fall  without  firft  railing  the  center  of  gravity 
higher  than  it  was  before.  Thus,  the  inclining 
body  JBCDj  whofe  center  of  gravity  is  £,  Fig.  3. 
ftands  firmly  on  its  bafe  CDIKy  becaufe  the  line 

of, 
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of  dircdion  £F  falls  within  the  bafe.  But  if  i 
weight,  as  ABCH^  be  laid  upon  the  top  of  the 
body,  the  center  of  gravity  of  the  whole  body 
and  weight  together  is  raifcd  up  to  /;  and  then, 
as  the  line  of  dlredion  ID  falls  without  the  biA 
at  D,  the  center  of  gravity  /  is  not  fupported ; 
and  the  whole  body  and  weight  tumble  dowo 
together. 

Hence  appears  the  abfurdity  of  people's  riling 
baftily  in  a  coach  or  boat  when  it  is  likely  to 
overfet :  for,  by  that  means  they  raife  the  cen- 
ter of  gravity  fo  far  as  to  endanger  throwing  it 
quite  out  of  the  bafe ;  and  if  they  do,  they 
overfet  the  vehicle  efFeftually,  Whereas,  had 
they  clapt  down  to  the  bottom,  they  would 
have  brought  the  line  of  direction,  and  confe" 
qucntly  the  center  of  gravity,  farther  within  tba 
bafe,  and  by  that  means  might  have  faved  them-' 
&lves. 

The  broader  the  bafe  is,  and  the  nearer  thft 
line  of  dirc<flion  is  to  the  middle  or  center  of  it, 
the  more  firmly  does  the  body  ftand.  On  the 
contrary,  the  narrower  the  bafe,  and  the  nearer 
the  line  of  diredion  is  to  the  fide  of  it,  the  mort 
eafily  may  the  body  be  overthrown,  a  lefs  change 
of  polition  being  fufficient  to  remove  the  line 
of  direction  out  of  the  bafe  in  the  latter  cafe 
than  in  the  former.  And  hence  it  is,  that  a 
fphere  is  fo  eafily  rolled  upon  a  horizontal  plane  \ 
and  that  it  is  fo  difficult,  if  not  impoffible,  to 
make  things  which  are  (harp-pointed  to  ftan4 
upright  on  the  point, — From  what  hath  beea 
f^id,  it  plainly  appears  that  if  the  plane  be  in- 
clined on  which  the  heavy  body  is  placed,  th^ 
body  will  Aide  down  upon  the  plane  whilft  the 
line  of  diredlion  falls  within  the  bafe ;  but  it  will 
fumble  or  roll  down  when  that  line  falls  without; 
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the  bafc.    Thus,  the  body  J  will  only  Aide  ^'^'^ 
down  the  inclined  plane  CD,  whilft  the  body  B 
rolls  down  upon  it. 

When  the  line  of  dire&ion  falls  within  the 
bafe  of  our  feet,  we  Hand  -,  and  mod  firmly  when 
it  is  in  the  middle :  but  when  it  is  out  of  that 
bafe,  we  immediately  fall.  And  it  is  not  only 
pleafing,  but  even  furprinng;,  to  refleft  upon 
che  various  and  unthought-of  methods  and  pof- 
tures  which  we  ufe  to  retain  this  pofitiori,  or  to 
recover  it  when  it  is  loft.  For  this  purpofe  we 
bend  our  body  forward  when  we  rife  from  a 
chair,  or  when  we  so  up  ftairs :  and  for  this 
purpofe  a  man  leans  forward  when  he  carries  a 
burden  on  his  back,  and  backward  when  he  car* 
ries  it  on  his  breaft  -,  and  to  the  right  or  left  fide 
as  he  carries  it  on  the  oppofite  fide.  A  thou* 
fand  more  inftances  might  be  added. 

The  quantity  of  matter  in  all  bodies  is  in  ex« 
act  proportion  to  their  weights,  bulk  for  bulk. 
Therefore,  heavy  bodies  are  as  much  more  denfe 
or  compad  than  light  bodies  of  the  fame  bulk, 
as  they  exceed  them  in  weight. 

All  bodies  are  full  of  pores,  or  fpaces  void  of  All  bodicir 
matter:  and  in  gold,  which  is  the  heavieft  of  P°^^°^' 
all  known  bodies,  there  is  perhaps  a  greater 
quantity  of  fpace  than  of  matter.  For  the  par- 
ticles of  heat  and  magnetii'm  find  an  eafy  paffage 
through  the  pores  of  gold ;  and  even  water  itfelf 
has  been  forced  through  them.  Befides,  if  we 
confider  how  eafily  the  rays  of  light  pafs  through 
fo  folid  a  body  as  glafs,  in  all  manner  of  direc* 
tions,  we  (hall  find  reafon  to  believe  that  bodies 
are  much  more  porous  than  is  generally  ima- 
gined. 

All  bodies  are  fome  way  or  other  afFefted  by  TJie  ex- 
heat  J  and  all  metallic  bodies  arc  expanded  in  ^^^^^^  ^ 
S  length, 
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length,  breadth,  and  thidcnefs  thereby. — TU 
proportion  of  the  expanOon  of  fevend  metab« 
according  to  the  bed  experiments  I  have  heed 
able  to  make  with  my  pyrometer,  is  nearly  tbus: 
Iron  and  fteel  as  3,  copper  4  aild  an  halff 
brals  5,  tin  6,  lead  7.  An  iron  rod  3  feet  long 
is  about  one  70th  part  of  an  inch  longer  id 
fummer  than  in  winter. 
Thepy.  The  pvrometer  here  mentioned  being  (fbt 
romctcr.  aught  I  know)  of  a  new  conftruAion^  a  de- 
fcription  of  it  may  perhaps  be  agreeable  to  thd 
reader. 
Fig.  5.  A  A  is  a  flat  piece  of  mahogany^  in  which  are 
fixed  four  brafs  ftuds  BfiyD^L%  and  two  pins, 
one  at  F  and  the  other  at  H.  On  the  pin 
F  turns  the  crooked  index  E  /,  and  upon  the 
pin  H  the  ftraight  index  G  K^  againft  which  a 
piece  of  watch-fpring  R  bears  gently,  and  fo 
prefles  it  towards  the  beginning  of  the  fcale  ilfiVi 
over  which  the  point  of  that  index  moves.  This 
fcale  is  divided  into  inches  and  tenth  parts  of  an 
inch :  the  firft  inch  is  marked  1000,  the  fecond 
2000,  and  fo  on.  A  bar  of  metal  0  is  laid  into 
notches  in  the  top  of  the  ftuds  C  and  Z)  ;  one 
end  of  the  bar  bearing  againft  the  adjufting 
fcrew  Pj  and  the  other  end  againft  the  crooked 
index  £/,  at  a  20th  part  of  its  length  from  its 
center  of  motion  F. — Now  it  is  plain,  that  how- 
ever much  the  bar  O  lengthens,  it  will  move 
that  part  of  the  index  £/,  againft  which  it  bears^ 
^uft  as  far :  but  the  crooked  end  of  the  lame 
index,  near  //,  being  20  times  as  far  from  the 
center  of  motion  F  as  the  point  is  againft 
which  the  bar  bears,  it  will  move  20  times  as 
far  as  the  bar  lengthens.  And  as  this  crooked 
end  bears  againft  the  index  GK  zi  only  a  20th 
part  of  the  whole  length  GS  from  its  center  of 

motion 
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motion  H^  the  point  S  will  move  through  20 
times  the  fpace  that  the  point  of  bearing  near  H 
does*  Hence,  as  20  multiplied  by  20  produces 
400,  it  is  evident  that  if  the  bar  lengthens  but  a 
400th  part  of  an  inch,  the  point  S  will  move  a 
whole  inch  oh  the  fcale ;  and  as  every  inch  is 
•divided  into  10  equal  parts,  if  the  bar  lengthens 
but  the  loth  part  of  the  400th  part  of  an  iocht 
which  is  only  the  4000th  part  of  an  inch,  the 
point  S  will  move  the  tenth  part  of  an  incb» 
which  is  very  perceptible. 

To  find  how  much  a  bar  lengthens  by  heat^ 
firft  lay  it  cold  into  the  notches  of  the  ftuds,  and 
turn  -  the  adjufting  fcrew  P  until  the  fpring  R 
brings  the  point  S  of  the  index  GKxo  the  bc^n* 
ning  of  the  divifions  of  the  fcale  at  M:  then, 
without  altering  the  fcrew  any  farther,  take  off* 
the  bar  and  rub  it  with  a  dry  woollen  cloth  till 
it  feels  warm ;  and  then,  laying  it  on  where  it 
was,  obferve  how  far  it  pufhes  the  point  S  upon 
the  fcale  by  means  of  the  crooked  index  £  1% 
and  the  point  S  will  (hew  exaftly  how  much  the 
bar  has  lengthened  by  the  heat  of  rubbing.  As 
the  bar  cools,  the  fpring  R  bearing  againft  the 
index  iCG,  will  caufe  its  point  S  to  move  gra- 
dually back  towards  M  in  the  fcale :  and  when 
the  bar  is  quite  cold,  the  index  will  reft  at  M^ 
where  it  was  before  the  bar  was  made  warm  by 
rubbing.  The  indexes  have  fmall  rollers  under 
them  at  /  and  K  \  which,  by  turning  round  on 
the  fmooth  ^ood  as  the  indexes  move,  make 
their  motions  the  eafier,  by  taking  off  a  great 
pan  of  the  friftion,  which  would  other  wife  be 
on  the  pins  F  and  //,  and  of  the  points  of  the 
indexes  themfelves  on  the  wood. 

Befides  the  univerfal  properties  above  men-  Magnc- 
tioned,  there  are  bodies  which  have  properties  ^^®' 

peculiar 
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peculiar  to  themfekes:  fuch  as  the  loadftoo^ 
in  which  the  moft  remarkable  arc  thele :  i.  It 
atcrads  iron  and  ileel  only.  2.  It  conftandy 
turns  one  of  its  fides  to  the  north  and  another 
to  the  fouth,  when  fulpended  by  a  thread  that 
does  not  twiflrp  3.  It  communicates  alt  its  pm- 
.perties  to  a  piece  of  fteel  when  rubbed  upon  ir^ 
without  lofing  anv  itfclf- 

According  to  Dr.  Heljhanf^  experiments,  the 
attraction  of  the  loadftone  decreafes  as  the  fquare 
of  the  diftance  increafes.  Thus,  if  a  badftooe 
be  fufpended  at  one  end  of  a  balance,  and  coua- 
terpoifed  by  weights  at  the  other  end,  and  a 
flat  piece  of  iron  be  placed  beneath  it,  at  the 
diflance  of  four  tenths  of  an  inch,  the  ftone  will 
immediately  defccnd  and  adhere  to  the  iron. 
But  if  the  llooe  be  again  removed  to  the  fame 
diftance,  and  as  many  grains  be  put  into  the 
fcale  at  the  other  end  as  will  exadtly  counterba- 
lance the  attraction,  then,  if  the  iron  be  brought 
twice  as  near  the  ftone  as  before,  that  is,  only 
two  tenth  parts  of  an  inch  from  it,  there  muft 
be  four  times  as  many  grains  put  into  the  fcale 
as  before,  in  order'  to  be  a  juft  counterbalance 
to  the  attractive  force,  or  to  hinder  the  ftone 
from  defcending  and  adhering  to  the  iron.  So^ 
if  four  grains  will  do  in  the  former  cafe,  there 
muft  be  fixteen  in  the  latter.  But  from  feme 
later  experiments,  made  with  the  greateft  ac- 
curacy, it  is  found  that  the  force  of  magnetifm 
decreafes  in  a  ratio  between  the  reciprocal  of  the 
fquare  and  the  reciprocal  of  the  cube  of  the  di- 
ftance ;  approaching  to  the  one  or  the  other,  as 
the  magnitudes  of  the  attracting  bodies  are  varied. 
Elcdii-  Several  bodies,  particularly  amber,  glafs,  jet, 
ci)y.  fealing.wax,  agate,  and  almoft  all  precious 
ftones,   have  a  peculiar  property  of  attra&ing 

and 
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-iMid  repelling  light  bodies  when  heated  by  tub- 
bing. This  is  called  ekSrical  attraSlion^  in 
which  the  chief  things  to  be  obferved  are,  i.  If 
*  glafs  tube  about  an  inch  and  a  half  diameter, 
and  two  or  three  feet  long,  be  heated  by  rub^ 
bing,  it  will  alternately  attraft  and  repel  all  light 
IxKlies  when  held  near  them.  2,  It  does  not 
mrtraft  by  being  heated  without  rubbing. 
5,  Any  light  body  being  once  repelled  by  the 
tube,  will  never  be  atrraAed  again  till  it  has 
touched  fome  other  body.  4.  If  the  tube  be 
rubbed  by  a  moid  hand,  or  any  thing  that  is 
wet,  it  totally  dcftroys  the  eleflricity.  5.  Any 
body,  e)ccept  air,  being  intei*pofed,  ftops  the 
clcdtricity.  6.  The  tube  attrafts  ftronger  when 
rubbed  over  with  bees-wax,  and  then  with  a  dry 
woollen-cloth.  7.  When  it  is  well  rubbed,  if 
a  finger  be  brought  near  it,  at  about  the  dif* 
tance  of  half  an  inch,  the  effluvia  will  fnap 
againfl  the  finger,  and  make  a  little  crackling 
noife-,  and  if  this  be  performed  in  a  dark  place^ 
there  will  appear  a  little  fia(h  of  light. 

.  L  E  G  T*    IL 

Of  te'nttal  Fortes. 

WE  have  afready  tnentioncd  it  as  Jl  iiecef-  All  bodies 
fary  coniequence  arifing  from  the  dead^  equally  in- 
ftefs  or  inaftivity  of  matter,    that  all   bodies  f^J^^jJo^ion 
endeavour  to  continue  in  the  ftate  they  are  in,  or  rcih 
whether  of  reft  or  motion.     If  the  body  A  were  P[ate  ir. 
placed  in  any  part  of  free  fpace^  and  nothing  ^^S-  »• 
cither  drew  or  impelled  it  any  way,  it  would  for 
ever  remain  in  that  part  of  fpace^   becaufe  it 
Could  have  no  tendency  of  itfelt  to  remove  any 
Way  from  thence.    If  it  receives  a  fingle  im- 
C  pulft 
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pulfc  any  way»  as^fuppofe  from  J  towtrds  B,  it 
will  go  on  in  that  direflion  i  for,  of  itfeLf,  it 
could  never  fwcrve  from  a  right  line,  nor  ftop 
its  cQurfe. — When  it  has  gone  through  the  fpace 
JBf  and  met  with  no  refinance,  its  velociq^ 
will  be  the  fame  at  B  ar  it  was  at  /f :  and  tins 
velocity,  in  as  much  more  time,  will  carry  it 
through  as  much  more  fpace,  from  B  to  Ci  and 
lb  on  for  ever.  Therefore,  when  we  fee  a  body 
in  motion,  we  conclude  that  fome  other  fub* 
ftance  mud  have  given  it  that  motion  ;  and 
when  we  fee  a  body  fall  from  motion  to  reft,  «e 
conclude  that  Ibme  other  body  or  caufe  ftopt  it. 
All  mo-  As  all  motion  is  naturally  re£tilineal,  it  ap? 
lion  na.  pears^  that  a  bullet  projefted  by  the  hand,  or 
reftili-  ^^^  ftom  a  cannon,  would  for  ever  continye  to 
ncal.  move  in  the  fame  direction  it  received  at  firft,  if 
no  other  power  diverted  its  courle.  Therefore 
when  we  fee  a  body  move  in  a  curve  of  any  kind 
whatever,  we  conclude  it  mud  be  aded  upon  by 
two  powers  at  leaft ;  one  putting  it  in  motioo, 
and  another  drawing  it  off  from  the  rectilineal 
courfe  it  would  otherwife  have  continued  to 
move  in  :  and  whenever  that  power,  which  bent 
the  motion  of  the  body  from  a  (traight  line  into 
a  curve>  ceafes  to  a£t,  the  body  will  again  move 
on  in  a  flraight  line  touching  that  point  of  the 
curve  in  which  it  was  when  the  adtion  of  that 
power  cealed.  For  example,  a  pebble  mcyved 
round  in  a  flmg  ever  fo  long  a  tinie,  will  fly  ttf^ 
tlve  moment  it  is  (et  at  liberty,  by  ilippiitg  one' 
end  of  the  fling  cord :  and  will  go  on  in  a  lino 
touching  the  circle  it  dtlcribed  before :  wbicb 
line  would  aflually  be  a  ftraight  one,  if  At 
earch's  attradtion  did  not  affe£t  the  pebble.  Mil 
bring  it  down  to  the  ground.  This  (hews  that 
the  natural  tendency  of  the  pebble,  whea  put 

iota 
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into  motion,  is  to  continue  moving  ih  a  (Iraight 
line,  although  by  the  force  chat  moves  the  fling 
it  be  niade  to  revolve  in  a  circle^ 

The  change  of  motion  produced  is  in  propor-The  cf- 
tion  io  the  force  impreffcd:  for  the  effefts  of^^'.°^  , 
natural  caufes  are  always  proportionate  to  thc^^^^^^J"^ 
forte  or  power  of  thofe  caufes. 

By  thefe  laws  it  is  eafy  to  prove  that  a  body  . 
will  defcribe  the  diagonal  of  a  fquafe  or  pa* 
rallelogram^  by  two  forces  conjoined,  in  the 
fame  time  that  it  would  defcribe  either  of  the 
fides,  by  one  force  fingly.  ThtoSj  fuppofe  the 
body  A  to  reprefent  a  fhip  at  fea ;  and  that  it  is  Fig.  t. 
driven  by  the  ifrind^  in  tlH!  right  line  AB^  with 
fuch  a  force  as  would  carry  it  uniformly  from  A 
to  fi  ia  a  minute:  then  fuppofe  a  ft  ream  or  cur- 
tent  of  watef  running  in  the  direfiion  AD^  with 
iiicb  a  force  as  would  carry  the  flbip  through  ait 
equal  fpace  from  ^  to  Z)  in  a  minute.  By  thefe 
two  forces,  afting  together  at  right  angles  to 
each  other,  the  (hip  will  defcribe  the  line  A  EC 
in  a  minute:  which  line  (becaufe  the  forces  ard 
equal  and  perpeodicuiar  to  each  other)  will  be 
the  diagonal  of  an  exaA  fquare.  To  confirm 
this  law  by  an  experiment,  let  there  be  a  wooden 
fquare  ABCD  fo  contrived,  as  to  have  the  part  p* 
BEFC  made  to  draw  out  or  pufli  into  the  fquare 
at  pieafure.  To  this  part  let  the  pally  H  bt 
joiiied,  fb  as  to  turn  freely  on  an  axis,  which 
will  be  at  H  when  the  piece  is  puflied  in,  arid 
ac  b  when  it  is  dra^rn  out.  iTo  this  part  let  the 
ends  of  a  ftraight  wire  k  be  fixed,  fo  as  to  move 
along  with  it,  under  the  pulley;  and  let  the  ball 
G  be  mflde  to  Aide  eafily  on  the  wire.  A  thread 
m  is  fixed  to  this  bali,^  and  goes  over  the  pulley 
to  /;  by  this  thread  the  ball  may  be  drawn  up 
on  the  wire,  parallel  to  the  fide  AD^  when  the 
C  2  part 
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to  revolve  abqut  5  in  the  pircle  ATW^  in  th; 
fame  manner,  and  by  the  fanne  law,  chat  a  ppk 
ble  is  move4  rounc)  in  a  fling.  And  if,  whcB 
the  body  is  in  any  p^rt  of  ita  orbit  (as  fqppcft 
^t  K)  a  fmaller  body  as  L,  within  the  fphcre  oC 
^ttradtion  of  the  body  X,  be  projefted  in  the 
right  line  L  My  with  a  force  duly  adjuftedf  and 
perpendicular  to  the  lii^e  of  attra£^Qn  Z*K\  then, 
the  fmall  body  L  will  revolve  about  the  large 
^ody  K  in  thie  orbit  NO^  and  accompany  it  ia 
^s  whole  courfe  round  the  yet  larger  bqdj  S^ 
But  then,  the  faiqdy  K  will  no  longer  move  ia 
the  circle  ATfFs  for  that  circle  will  now  be 
defcribed  by  the  co^nmon  center  of  gravity  bct 
fween  K  and  L.  Nay,  even  the  grr^c  body  £ 
will  not  keep  in  the  center  \  for  it  will  be  the 
common  center  of  gravity  between  ^1  the  throe 
bodies  Sj  Kj  and  £,  that  will  retnain  itpmover 
able  there.  So,  if  we  fuppofe  S  and  K  coonefic4 
by  a  wire  P  that  has  no  weight,  and  K  and  L 
conneded  by  a  wire  q  that  has  no  veighti^  the 
common  center  of  gravity  of  all  tbcte  three 
bodies  will  be  a  point  in  the  wire  P  nev*  S\ 
which  point  being  fiipported,  the  bodies  will  be 
all  in  equilibrio  as  they  move  round  it.  Though 
indeed,  ftridlly  fpeaking,  the  common  cei\ter  cC 
gravity  of  all  the  three  bodies  will  not  be  in  thfi. 
wire  P  but  when  thefe  bodies  are  all  in  the  right 
lino.  H^vt^  S  may  reprefent  the  fWa  K  tl^C 
earth,  and  L  the  moon. 

In  prder  to  form  an  idea  of  the  curves  4^ 
fcribed  by  two  bodies  revolving  about  their  com- 
mon center  of  gravity,  whilft  they  thcmfclvei 
with  a  third  body  are  in  motion  round  the  com- 
mon center  of  gravity  of  all  the  three ;  lei 
8te  Plate  US  firft  fuppofe  E  to  be  the  fun,  and  e  Ac 
W?         (arth  going  round  hini  without  any  moon  \  an4 

their 
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their  moving  forces  regnltted  as  above.     In 
tbtt  cafe»  whilft  the  eaurtif  gpev  round  tbe  fan  ia 
the  doited  circle  R  TUIVX^  &c.  the  fan  wiH  The 
go  round  the  circle  ABD^^  whofc  ccmer  C  n  ^"'!^*^^" 
the  cooiooon  center  of  gravity  between  the  fua  j^^g  ^^ 
and  earth  :    the  right  line  j3  i  reprcfcming  the  solving 
mutual  attraAioff  between  theno>  by  which  ihcy  about 
arc  as  Brm)y  conneded  as  if  tbey  weic  fixed  at  ^^^^^ 
the  two  ends  of  an  iron  bat  ftrong  enough  to  ^^^t^^of 
bold  them*     So^  when  the  earth  is  at  #,   the  gravity. 
fun  will  be  at  Ey  when  the  earth  is  at  7,  the  ftm 
wiU  be  at  F\  and  whea  the  eaith  cb  at  gy  the  fun 
wiUbeatG,  &c. 

Now,  let  us  take  in  the  oioon^  (at  the  top  of 
the  figure)  and  fuppofe  the  earth  to  have  nd  |>ro* 
greffive  motion  about  tbe  fan  %  m  which  cafev 
whilft  the  moon  revoifrs  aboat  the  eanh  ior  her 
orbit  01BCSD,  the  earth  wiil  revoh^e  m  tbo 
circle  5  13,  wkofe  center  /?,  is  the  common  cetr« 
ter  of  gravity  of  the  earth  and  OMxai  $  they  be* 
ing  conneded  by  the  mmaai  attra&ion  betweea 
them  in  the  £une  naacaior  as  the  earth  dndi  i\m 
are. 

But  the  truth  is^  tfiac  whtfit  the  nHxm  revotves 
about  the  eanh,  the  earth  is  in  motion  aboot 
the  fun :  and  now^  the  mdoct  wiH  caofe  the 
eartb  to  deferibe  an  irregular  cudvcv  aad  not  a 
utie  circle,  round tlrfuufv^  itbeiog  the  common 
edncer  of  g? anidy  of  the  emh  aodi  moon  that  wttt 
then  defcribc  ilhe  fame  cirek  which  the  earth 
would  hanre  moved  in,  if  it  had  not  been  at^ 
obddfd  by  a  nEidon«  For^  fuppoAng  the  migon 
to  defcribe  a  qcurter  of  her  psogreffive  <Mjbir 
about  the  earth  in  the  time  that  the  earth  movea 
from  e  to  /;  it  is  plain,  that  when*  the  earth 
cornea  to  /,  the  moon  will"  be  found  at  r ;  in 
wUcb  .time».  their  commoa  cameE  of  gra:vTr9r 
C  4  will 
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will  have  defcribed  the  dotted  arc  2?  i  7*,  the 
earth  the  curve  R  sf,  and  the  moon  the  curve 
q  lA-  r.     In  the  time  that  the  moon  defcribcs 
another  quarter  of  her  orbit,  the  center  of  gra- 
vity of  the  earth  and  moon  will  defcribe  the  dot- 
ted arc  sr  2  C/,  the  earth  the:curve  f  6^,  the 
moon  the  curve  r  15  j,   and  fo  on — And  thus» 
>vhilft  the  moon  goes  once  round  the  earth  in 
her  progrcflivc  orbit,  their  common   center  of 
gravity  defcribes  the  regular  portion  of  a  circle 
i?  1  7*2  t7*3  ^4  /^,  the  earth  the  irregular  cur?c 
RsfSgyhSi^  and  the  moon  the  yet  more 
irregular  curve  ^  14  r  15  j  16  /  17  «;  and  then, 
the  fame  kind  of  tracks  over  again. 

The  center  of  gravity  of  the  earth  and  moon  is 
6000  miles  from  the  carth^s  center  towards  the 
moon  ;  therefore  the  circle  £13  which  the  earth 
defcribes  round  that  center  of  gravity  (in  every 
courfe  of  the  moon  round  her  orbit)  is  12000 
miles  in  diameter.  Confequently  the  earth  is 
i2,ooo  miles  nearer  the  fun  at  the  time  of  full 
moon  than  at  the  time  of  new.  [See  the  earth  at 
/and  at  h.'] 

To  avoid  corifufion  in  fo  fmall  a  figure,  we 
have  fuppofed  the  moon  to  go  only  twice  and  a 
half  round  the  earth,  in  the  time  that  the  earth 
goes  once  round  the  fun :  it  being  impofllble  to 
take  in  all  the  revolutions  which  Oie  makes  m  a 
year,  and  to  give  a  true  figure  of  her  path,  un- 
lefs  we  ftiould  make  the  femidiameter  of  the 
earth's  orbit  at  lead  95  inches ;  and  then,  the 
proportional  femidiameter  of  the  moon's  orbit 
would  be  only  a  quarter  of  an  inch. — ^For  a  true 
figure  of  the  moon's  path,  I  refer  the  reader  to 
my  treatife  of  aftroaomy. 

If  the  moon  made  any  complete  number  of 
revolutions  about  the  earth  in  the  time  that  the 

earth 
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\  one  revolution  about  the  fun,  the 
e  fun  and  moon  would  return  into 
at  the  end  of  every  year ;  and  fo  be 
/er  again  :  but  they  return  not  into 
n  lefs  than  19  years  nearly  \  in  which 
sarth  makes  nearly  19  revoludona 
n,  and  the  moon  235  about  the  earth, 
met  A  be  attraded  towards  the  fun»  Place  ir. 
force  as  would  make  it  fall  from  A  ^%*  5*. 
le  time  that  the  proje&ile  impulfe^ 
carried  it  from  A  to  is  it  will  dc- 
:  AG  by  the  combined  adtion  of  thefe  A  doable 
lie  fame  time  that  the  former  would  projeaue 
it  to  fall  from  AxoB^  or  the  latter  f^^^^*'^ 
it  from  A  to  F.    Bur,  if  the  projcc-  q^aTuJlc 
1  been  twice  as  great,  that  is,  fuch  as  power  of 
carried  the  planet  from  A  to  //,  in  g«vi:y. 
le  that  now,  by  the  fuppofition,  it 
y  from  Ato  F\  the  fun's  attratftion 
ve  been  four  times  as  ftrong  as  for- 
lave  kept  the  planet  in  the  circle  • 
is,  it  muft  have  been  fuch  as  would 
the  planet  to  fall  from  A  to  £, 
■  times  the  diftance  oiAfrom  jS,  in. 
:  the  projeftile  force  fingly  would 
it  from  A  to  Hy  which  is  only  twice 
)f  A  from  F*.   Thus,  a  double  pro- 
vill  balance  a  quadruple  power  of 
e  fame  circle ;  as  appears  plain  by 
md  fhall  foon  be  confirmed  by  an 

ng-table  is  a  machine  contrived  for  pi^te  iVi 
rriments  of  this  nature.     A  A  is  a  Fig.  i. 
of  wood,    B  a  winch  or  handle 

cs  JG,  A I  mufl  be  fuppoied  to  be  very 
AE,  which  is  equal  to  HI,  will  be  more 
<i  ABi  which  is  equal  to  FG, 

fixed 
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.The        fixed  on  the  axis  C  of  the  wheel  D,  round  wbich 

Siblc  dc*  ^^  ^^^  catgut  ftring  F^  which  aifo  goes  round  the 

Icribed.     itadW  wheels  G  and  K^  croQing  between  them 

and  the  great  wheel  Z>.    On  the  upper  end  of 

the  axis  of  the  wheel  G,  above  the  frame,  is 

fixed  the  round  board  d^  to: which  the  bearer 

MSX  may  befaftened  occafionalty^  and  remor* 

ed  when  it  is  not  wanted.    On  the  axis  of  the 

wheel  //  is  fixed  the  bearer  NTZ:  and  it  is 

eafy  to  fee  that  when  the  winch  B  is  turned>  the 

wheels  and  bearers  are  put  into  a  whirling  nao- 

tion. 

Each  bearer  has  two  wires^  J^,  X,  and  TV  2, 
fixed  and  farewed  tight  into  them  at  the  ends  bjr 
Durs  on  the  outfide.  And  when  thefe  nuts  are 
luiicrewed,  the  wires  may  be  drawn  out  in  or- 
der to  change  the  balk  U  and  Fy  which  Aide 
upon  the  wires  by  means  of  brafs  loops  fixed  m- 
to  the  balk,  which  keep  the  balls  up  from  toudw 
ing  the  wood  below  them.  A  ftrong  ftlk  liae 
igoes  through  each  ball,  and  is  fixed  to  it  at  anj 
length  from  the  center  of  the  bearer  to  its  end 
as  occafion  requires,  by  a  nut-fcrew  at  the  top  of 
the  ball  ^  the  (hank  of  the  fcrcw  goes  into  the 
center  of  the  ball,  and  prefies  the  line  agaiiift 
the  under  fide  of  the  hole  that  it  goes  thrcMigh* 
— The  line  goes  fi-om  the  ball,  and  under  a  fmall 
pulley  fixt  in  the  middle  of  the  bearer  v  then  up 
through  a  focket  in  the  round  plate  (fee  S  andf) 
in  the  middle  of  each  bearer ;  then  through  a 
flit  in  the  middle  of  the  fquare  top  (O  and  P) 
of  each  tower,  and  going  over  a  fmall  pulley  on 
the  top,  comes  down  again  the  fame  way,  and  is 
at  laft  fattened  to  the  upper  end  of  the  fockec 
fixt  in  the  middle  of  the  above- mentioned  round 
plate,  Thefe  plates  S  and  T  have  each  four 
round  holes  near  their  edges  for  letting  them 

Aide 
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Aide  up  an4  down  upon  the  wires  which  make 
th^  Coroers  of  each  tower.  The  balls  and  plates 
bein^  thus  connedled,  each  by  its  particular 
lioet  It  i$  plain  that  if  the  balls  bt  drawn  outward, 
pr  towards  the  ends  M  and  N  of  their  refpedlivt 
t]iearers,  the  round  plates  S  and  X  will  be  drawn 
vp  to  the  top  of  their  refpe&ive  towers  0  and  P. 

There  are  feveral  brais  weights,  fonoe  qf  two 
ounces,  ibnoe  of  three,  and  fome  of  £pur,  to  b« 
occiLfipnally  put  within  the  towers  O  and  JP,  upon 
the.  round  plates  S  ^nd  T':  each  wei^^ht  having 
a  rqund  hol^  in  the  middle  of  it,  for  going  upon 
theifipckets  or  axcsi  of  the  platen  aad  is  flit  from 
the  edge  to  the  ho\^  for  allowing  it  to  be  flip! 
ov^r  the  aforefaid  line  whiph  cornea  fix^n  each 
ball  to  il;s  refpe£kive  plate.    (See  Fig«  a.) 

The  cxperimenu  to  be  made  by  this  machia« 
ar^  a;s  follows : 

\.  Take  away  the  b»rer  A/ JT,  and  take  the  FJg-  »• 
ivory  ball  a^  to  which  the  line  or  filk  cord  k  ia 
faftcned  at  09c  end  \  and  having  made  a  loop  on 
the  other  eod  of  the  cord,  p^t  the  loop  over  )i 
pio  fi^tt  in  the  center  of  ^he  board  4^    Thttt^ 
turning  the  winch  B  tqgive  the,  boafd  a  whirling  The  pro- 
moMon,  you  will  ice  that  the  balldoes  not  \nxvs^  ^iiiJr  to 
dia^ly  besin  tp  move  with  the,  board,  but,  on  ]^^p  ^he 
account  of  its  inactivity,  it  endeavours  tocoAti-  lUte  it  is 
nuc in tbsftatc of  reft  which  it  was  in  before. —  i°* 
Cumtinuc  turning,  wtil  the  board  communicates 
an^  eqwal  degree  of  motion  with  its  own  to  the 
U^JU,  wd  then  turniHg  on,  you  will  perceive  that 
tjxe  ball  wiU  i?ernain  upoQ  one  part  of  the  board^^ 
keeping  the  fame  velocity  with  it,  and  having  no 
re^MV^  amotion  upOA  it,  as  is.  the  cafe  with  every 
tbii^  \^  ]i\t%  leo^  upon  the  planefiirface  of  the 
6a,v|h,.  which  having  the  motion  of  the  ear^h 
eoiptqwiiCatfid  to  it»  never  eadc^^vours^  tg  rrniovv 

from 
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from  that  place.  But  (top  the  board  fuddenly 
by  hand,  and  the  ball  will  go  on,  and  con- 
tinue to  revolve  upon  the  board,  until  the 
friftion  thereof  ftops  its  motion  :  which  fhews, 
that  matter  being  once  put  into  motion  would 
continue  to  move  for  ever,  if  it  met  with  no 
refinance*  In  like  manner,  if  a  perfon  ftands 
upright  in  a  boat  before  it  begins  to  move,  be 
can  ftand  firm;  but  the  moment  the  boat  fets 
off,  he  is  in  danger  of  falling  towards  that  place 
which  the  boat  departs  from  :  becaufe,  as  mat- 
ter, he  has  no  natural  propenfity  to  move.  But 
when  he  acquires  the  motion  of  the  boat,  let  it 
be  ever  fo  fwift,  if  it  be  fmooth  and  uniform,  he 
will  ftand  as  upright  and  firm  as  if  he  was  on 
the  plain  fhore ;  and  if  the  boat  ftrikes  againft 
any  obftacle,  he  will  fall  towards  that  obltacle  ; 
on  account  of  the  propenfity  he  has,  as  matter, 
to  keep  the  motion  which  the  boat  has  put  him 
into. 

2.  Take  away  this  ball,  and  put  a  longer  cord 
to  it,  which  may  be  put  down  through  the  hol- 
low axis  of  the  bearer  MXy  and  wheel  G,  and 
fix  a  weight  to  the  end  of  the  cord  below  the 
machine';  which  weight,  if  left  at  liberty,  will 
draw  the  ball  from  the  edge  of  the  whirling- 
board  to  its  center. 
Bodies  Draw  ofi^  the  ball  a  little  from  the  center,  and 

moving  in  jum  the  winch  5  then  the  ball  will  go  round  wd 
hav  "a      «>u"d  with  the  board,  and  will  gradually  fly  off 
tendency   farther  and  farther  from  the  center,  and  raife  up 
to  fly  out  the  weight  below  the  machine :   which  (hews 
of  ihcfc    that  all  bodies  revolving  in  circles  have  a  ten- 
^^  *"•      dency  to  fly  ofi^  from  thefe  circles,  and  muft  have 
fome  power  afting  upon  them  from  the  center  of 
motion,  to  keep  them  from  flying  ofl^.   Stop  the 
machine,  and  the  ball  will  continue  to  revolve 

for 
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for  (ome  time  upon  the  board ;  but  as  the  fric-^ 
tion  gradually  (tops  its  motion,  the  weight  a6ting 
upon  it  will  bring  it  nearer  and  nearer  to  the 
center  in  every  revolution,  until  it  brings  it 
quite  thither.  This  fhcws,  that  if  the  planets 
met  with  any  refiftance  in  going  round  the  fun, 
its  attraftive  power  would  bring  them  nearer 
and  nearer  to  it  in  every  revolution,  until  they 
fell  upon  it. 

2^  Take  hold  of  the  cord  below  the  machine  Bodies 
with  one  hand,  and  with  the  other  throw  the  ball  ^^^^ . 
upon  the  round  board  as  it  were  at  right  angles  ^^^^  J^". 
to  the  cord,  by  which  means  it  will  go  round  bits  than 
and  round  upon  the  board.    Then  bbferving  in  large 
with  what  velocity  it  moves,  pull  the  cord  be-  ®"*'* 
low  the  machine,  which  will  bring  the  ball  nearer 
to  the  center  of  the  board,  and  you  will  fee  that 
the  nearer  the  ball  is  drawn  to  the  center,  the 
fafter  it  will  revolve ;  as  thofe  planets  which  are 
neareft  the  fun  revolve  fafter  than  thofe  which 
are  more  remote ;  and  not  only  go  round  fooner, 
becaufe  they  defcribe  fmaller  circles,  but  even 
move  fafter  in  every  part  of  their  relpe6tive 
circles. 

4.  Take  away  this  ball,  and  apply  the  bearer  Their 
MX^  whofc  center  of  motion  is  in  its  middle  at  ^^T  forces 
w,  direftly  over  the  center  of  the  whirling- board  fticwn! 
d.     Then  put  two  balls  {V  and  U)  of  equal 
weights  upon  their  bearing  wires,  and  having 
fixed  them  at  equal  diftances  from  their  refpedive 
centers  of  motion  w  and  x  upon  their  (ilk  cords, 
by  the  fcrew  nuts,  put  equal  weights  in  the 
towers  O  and  P.     Laftly,  put  the  catgut  ftrings 
E  and  F  upon  the  grooves  G  and  H  of  the  fmall 
wheels,  which  being  of  equal  diameters,  will  give 
equal  velocities  to  the  bearers  above,  when  the 
winch  B  is  turned :  and  the  balls  U  and  V  will 

fly 
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fly  off  towards  M  and  N\  and  will  raifi^  di 
weights  in  the  towers  at  the  fame  inftant.  TUl 
fiiews,  that  when  bodies  of  equal  quancitici  of 
matter  revolve  in  equal  circles  with  equal  tfto^ 
cities,  their  centrifugal  forces  are  equal. 

5.  Take  away  thefe  equal  balls^  and  ifiAeid 
of  them,  put  a  ball  of  fix  ounces  into  the  btaltr 
MX^  at  a  fixth  part  of  the  diftance  w  z  from  dn 
center,  and  put  a  ball  of  one  ounce  into  the  <ip« 
pofite  bearer,  at  the  whole  diftance  xy^  whidi 
is  equal  to  or  z  from  the  center  of  the  beartfi 
and  fia  the  balls  at  thefe  diftances  on  their  cOrdsi 
by  the  fcreW  nuts  at  top ;  and  then  the  bAlI  U^ 
which  is  fix  tirties  as  heairy  as  the  ball  ^,  will  t« 
at  only  a  fixth  part  of  the  diftance  from  its  ctth 
ter  of  motion ;  and  confequently  will  rev^e  in 
a  circk  of  only  a  fixth  pan  of  the  circumfiir^M 
of  the  circle  in  which  ^  revolver.  Now^  let  wf 
equal  weights  be  ptit  into  the  towd#S|  and  tht 
machine  l^  turned  by  the  winch  ;  which  (tn  tb^ 
catgut  ftring  is  on  equal  wheels  below)  will 
caufe  the  baUs  to  retolvcr  in  equal  tinnes  i  bM  V 
wtU  nK>Te  fix  timea  as  faft  as  C7,  becaufe  it  nf- 
volves  in  a  circle  of  fix  times  its  radius  ^r  Mi 
both  the  weights  in  the  towers  will  rife  at  olk:e« 
,Thts  (hews,  that  the  centrifugal  forces  of  rev^Iv* 
mg  bodies  (or  their  tendencies  to  fly  off  from  th€ 
circles  they  defcribe)  are  in  direft  proportion  to 
their  quantities  of  matter  multiplied  int^  theif 
refpedlive  velocities  ;  or  into  their  diftances  from 
the  centers  of  their  refpcftive  cifrcles.  For,  fop^ 
pofing  [/,  which  weighs  fix  ounces,  to  be  two 
inches  from  its  center  of  motion  w,  the  weight 
mukiplied  by  the  diftance  is  la  :  and  fuppofin^ 
y^  which  weighs  only  one  ounce,  to  be  1  ^  inches 
N  diftant  from  the  center  of  motk)n  x,  the  weijgflt 
I  ounce  muUiplied  by  the  dift^iince  1  z  inches 
5  " 
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is  la.  And  as  they  revolve  in  equal  times,  their 
velocities  are  as  their  diftances  from  the  center, 
namely,  as  i  to  6. 

If  thefe  two  balls  be  fixed  at  equal  diftances 
from  their  refpe&ive  centers  of  motion,  they 
will  move  with  equal  velocities*,  and  if  the 
tower  O  has  6  tin\es  as  much  weight  j)ut  into  it 
^  the  tower  P  has,  the  balls  will  raife  their 
weights  exadly  at  the  fame  moment.  This 
fihews  that  the  ball  U  being  fix  times  as  heavy  aa 
the  ball  V^  has  fix  times  as  much  centrifugal 
force,  in  defcribing  an  equal  circle  with  an  equal 
velocity. 

6.  It  bodies  of  equal  weights  revolve  in  equal  A  dooUt 
circles  with  unequal  velocities,  their  centrifugal  yel<jc»ty 
farces  are  as  the  Iquares  of  the  velocities.    To  f^Vir. 
prove  this  law  by  an  experiment,  let  two  balb  de,  is  a 
U  and^  of  equal  weights  be  fixed  on  their  cords  balance 
at  equal  diftances  from  their  refpcftive  centers  ^®  •/!**•• 
of  motion  w  tod  y  •,  and  then  let  the  catgut   "^^^  ^f 
firing  £  be  put  round  the  wheel  K  (whofe  cir-  gravity, 
cumfcrence  is  only  one  half  of  the  circumference 
of  the  wheel  H  or  G)  and  over  the  pulley  s  to 
keep  ic  tight ;  and  let  four  times  as  much  weight 
be  put  into  the  tower  P,  as  in  the  tower  O* 
Then  turn  the  winch  By  and  the  ball  V  will  re- 
volve twice  as  faft  as  the  ball  £7  in  a  circle  of  the 
fame  diameter,  becaufe  they  are  equidiftant  froB> 
the  centers  of  the  circles  in  which  they  revolve  ^ 
and  the  weight  in  the  towers  will  both  rife  at 
tbe  fanf>e  inftaac,  which  (hews  that  a  double  ve^ 
locity  in  the  fame  circle  will  exaflly  balance  a 
quadrtaple  power  of  attra&ion  in  the  center  o£ 
the  circle.     For  the  weights  in  the  towers  may 
be  canrfidesed  as  the  attradive  forces  in  the  cen* 
ters,  adUig  upon  the  revolviag  balk;  which,. 

moving 
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moving  in  equal  circles,  is  the  fame  thing  as  if 
they  both  moved  in  one  and  the  fame  circle. 
Kepler's        7.  If  bodies  of  equal  weights  revolve  in  un- 
ProbJem.  equal  circles,  in  fuch  a  manner  that  the  fquares 
or  the  times  of  their  going  round  are  as  the 
cubes  of  their  diflrances  from  the  centers  of  the 
circles  they  defcribe ;  their  centrifugal  forces  are 
inverfely  as  the  fquares  of  their  diftances  from 
thofe  centers.     For,  the  catgut  firing  remaining 
as  in  the  laft  experiment,  let  the  diftance  of  the 
ball  V  from  the  center  9C  be  made  equal  to  two 
of  the  crofs  divifions  on  its  bearer  *,  and  the  dif« 
tance  of  the  ball  U  from  the  center  w  be  three 
and  a  fixth  part  -,  the  balls  themfelves  being  of 
equal  weights,  and  V  making  two  revolutions 
by  turning  the  winch,  in  the  time  that  U  makes 
one :  fo  that  if  we  fuppt)fe  the  ball  V  to  revolve 
in  one  fecond,  the  ball  U  will  revolve  in  two 
feconds,  the  fquares  of  which  are  one  and  four: 
for  the  fquare  of  i  is  only  i,  and  the  fquare  of 
2  is  4 ;  therefore  the  f(]^uare  of  the  period  or 
revolution  of  the  ball  V^  is  contained  four  times 
in  the  fquare  of  the  period  of  the  ball  V.     But 
the  diftance  of  V  is  2,  the  cube  of  which  is  8f 
and  the  diftance  of  ;^t7  is  3  J-,  the  cube  of  which 
is  32  very  nearly,  in  which  8  is  contained  four 
times  ;  and  therefore,  the  fquares  of  the  periods 
of  V  and  U  are  to  one  another  as  the  cubes  of 
their  diftances  from  x  and  w,  which  are  the  cen- 
ters of  their  refpeftive  circles.     And  if  the 
weight  in  the  tower  0  be  four  ounces,  equal  to 
the  fquare  of  2,  the  diftance  of  V  from  the  cen- 
ter X  i  and  the  weight  in  the  tower  P  be  lO 
ounces,  nearly  equal  to  the  fquare  of  3i,  the  dif- 
tance of  U  from  w\\t  will  be  found  upon  turn- 
ing the  machine  by  the  winch,  that  the  balls  U 
and  V  will  raife   their   refpedliive   weights  ac 

the 
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Hie  iame  inftant  of  time.  Which  coDJSrmi  chat 
famous  obfervation  of  Ke^lbr,  viz.  That  the 
it]uarcsof  the  rimes  in  which  the  planets  go  round 
the  fun  are  in  the  fame  proportion  as  the  cubes  of 
fheiir  dillailces  from  him ;  and  that  the  fun's  at- 
iraAioh  is  inverfely  as  the  fquare  of  the  diftance 
from  his  cehter :  that  is,  at  twice  the  diftance, 
his  attra(5lidrt  is  four  times  fefs ;  and  thritrc  the 
diftance,  nine  times  lefs ;  at  four  times  the  dif** 
tance,  fi3cteen  times  lefs ;  and  fo  on,  to  the  re^ 
moteft  part  oi  the  fyftem. 

8.  Take  off  the  catgut  ftring  E  ftom  the 
gre&t  wheel  D  and  the  (mail  wheel  //,  and  let 
the  ftring  F  remain  upon  the  wheels  D  and  G. 
Take  away  alfo  the  bearer  A/ -XT  from  the  whiil- 
JDg- board  ir/,  and  inftead  thereof  put  the  ma^ 
chine  AB  upon  it,  fixing  (his  machine  to  the 
center  of  the  board  by  the  pins  c  and  d^  in  fuch  Fig»  3. 
a  manner,  that  the  end  ef  may  rife  above  the 
board  to  an  angle  of  30  or  40  degrees.  In  the  The  ab- 
upper  iide  of  this  machine  are  two  glafs  tubes  furdiryof 
a  and  b^  clofe  ftopt  at  both  ends  \  and  each  ^^  Carte- 
tube  Is  about  three  quarters  full  of  water.  In  J^]]^^'" 
the  tube  ^  is  a  little  quickfilver,  which  naturally 
falls  down  to  the  end  a  in  the  water,  becaufe 
it  is  heavier  than  its  bulk  of  water  \  and  in  the 
tube  ^  is  a  fmall  cork  which  floats  on  the  top 
of  the  water  at  ^,  becaufe  it  is  lighter ;  and  it 
is  fmall  enough  to  have  liberty  to  rife  or  fall 
in  the  tube.  While  the  board  b  with  this  ma- 
chine upon  it  continues  at  reft,  the  quickfilver 
lies  at  the  bottom  of  the  tube  a^  and  the  cork 
floats  on  the  water  near  the  top  of  the  tube  b.  Bur, 
upon  turning  the  winch,  and  putting  the  ma- 
chine  in  motion,  the  contents  of  each  tube  will 
fly  off  towards  the  uppermoft  ends  (which  are 
fartheft  from  the  center  of  motion)  the  heavieft 
D  with 
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tvith  the  greateft  force.  Therefore  the  quick- 
filvcr  in  the  tube  a  will  fly  off  quite  to  the  end 
y,  and  occupy  its  bulk  of  fpace  there,  eiccludijig 
the  water  from  that  place,  becaufe  it  is  lighter 
than  quickfilver ;  but  the  water  in  the  tube  b 
flying  off*  CO  its  higher  end  e^  will  exclude  the 
cork  from  that  place,  and  caufe  the  cork  to  de- 
fcend  towards  the  lowermoft  end  of  the  tube, 
where  it  will  remain  upon  the  loweft  end  of  the 
water  near  h ;  for  the  heavier  body  having  the 
greater  centrifugal  force,  will  therefore  poflefs 
the  uppermoft  part  of  the  tube;  and  the  lighter 
body  will  keep  between  the  heavier  and  the 
lowermoft  part. 

This  demonftrates  the  abfurdity  of  the  Carte- 

fian  dodlrine  of  the  planets  moving  round  the 

fun  in  vortexes :    for,   if  the  planet  be  more 

denfe  or  heavy  than  its  bulk  of  the  vortex,  it  will 

fly  off  therein,  farther  and  farther  from  the  funi 

if  lefs  denfe,  it  will  come  down  to  the  loweft 

part  of  the  vortex,  at  the  fun :  and  the  whole 

vortex  itfelf  muft  be  furrounded  with  fomething 

like  a  great  wall,  otherwife  it  would  fly  quite  oi^ 

planets  and  all  together. — But  while  gravity  ex- 

ifts,  there  is  no  occafion  for  fuch  vortexes  %  and 

when  it  ceafes  to  exift,  a  ftone  thrown  upwards 

will  never  return  to  the  earth  again. 

If  one  bo-      9*  ^^  ^  ^^y  ^^  ^^  placed  on  the  whirling- 

6y  moves  board  of  the  machine  (Fig.  i.)  that  the  center  of 

it)und       gravity  of  the  body  be  direftly  over  the  center 

another,    ^f  ^jjg  board,  and  the  board  be  put  into  ever  fo 

themmnfl^^P^^  a  motion  by  the  winch  5,  the  body  will 

move       turn  round  with  the  board,  but  will  not  remove 

round       from  the  middle  of  it;  for,  as  all  parts  of  the 

tbcircom-  ^ody  are  in  eauilibrio  round  its  center  of  gravity, 
inon  cen-         « '  ,  *     ^  .      .  ^  .       1  °  ' 

,ey  of       and  the  center  of  gravity  is  at  reft  in  the  center 

£ravity.    of  motion,  the  centrifugal  force  of  all  parts  of 

I  the 
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the  body  will  be  equal  ac  equal  diftances  from 
its  center  of  motion,  and  therefore  the  body  will 
remain  in  its  place.  But  if  the  center  of  gravity 
be  placed  ever  fo  little  out  of  the  center  of  nio* 
tion,  and  the  machine  be  turned  fwiftly  round, 
the  body  will  jSiy  off  towards  that  fide  of  the 
board  on  which  its  center  of  gravity  lies.  Thus,  pig.  4. 
if  the  wire  C  with  its  little  ball  B  be  taken  away 
from  the  dcmi-globe  A,  and  the  flat  fide  efc£ 
this  demi'giobe  be  laid  upon  the  whirling- board 
of  the  machine,  fo  that  their  centers  may  coin- 
cide ;  if  then  the  board  be  turned  ever  fo  quick 
by  the  winch,  the  dcmi-globe  will  remain  where 
it  was  placed.  But  if  the  wire  C  be  fcrewed  into 
the  demi-globe  at  ^,  the  whole  becomes  one 
body,  whofe  center  of  gravity  is  now  at  or  near 
li.  Let  the  pin  c  be  fixed  in  the  center  of  the 
whirling-board,  and  the  deep  groove  b  cut  in  the 
flat  fide  of  the  demi-globe  be  put  upon  the  pin, 
fo  as  the  pin  may  be  in  the  center  of  /I  [See  Fig. 
5.  where  this  groove  is  reprefentcd  at  ^J  and  let  *  ^' 
the  whirling-board  be  turned  hy  the  winch, 
which  will  carry  the  little  ball  B  (Fig.  4.)  with 
its  wire  C,  and  the  demi-globe  /f,  all  round  the 
center-pin  c  1 ;  and  then,  the  centrifugal  force  of 
the  little  ball  j9,  which  weighs  only  one  ounce, 
will  be  fo  great,  as  to  draw  off  the  demi-globe 
if,  which  weighs  two  pounds,  until  the  end  of 
the  groove  at  e  ftrikes  againfl:  the  pin  c,  and 
fo  prevents  the  dcmi-globe  A  from  going  any 
farther :  other  wife,  the  centrifugal  ^rce  of  B 
would  have  been  great  enough  to  have  carried 
j4  quite  off  the  whirling-board.  Which  fiiews, 
that  if  the  fun  v/ere  placed  in  the  very  center  of 
the  orbits  of  the  piar.cts,  it  could  not  poflibly 
remain  there;  for  the  centrifugal  forces  of  the 
planets  would  carry  them  quite  off,  and  the  fun 
D  a  with. 
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with  them ;  efpecially  when  feveral  of  them  hap^ 
pened  to  be  in  any  one  quarter  of  the  heavens. 
For  the  fun  and  planets  are  as  much  conneAcd 
by  the  mutual  attraction  that  fubflfts  between 
them,  as  the  bodies  J  and  B  are  by  the  wire  C 
which  is  fixed  into  them  both.  And  even  if 
there  were  but  one  fmgle  planet  in  the  whole 
heavens  to  go  round  ever  fo  large  a  fun  in  the 
center  of  its  orbit,  its  centrifugal  force  would 
foon  carry  ofif  both  itfelf  and  the  fun.  For,  the 
greateft  body  placed  in  any  part  of  free  fpace 
might  be  eafily  moved :  becaufe  if  there  were  no 
other  body  to  attract  it,  it  could  have  no  weight 
or  gravity  of  itfelf;  and  confequently,  though  it 
could  have  no  tendency  of  itfelf  to  remove  from 
that  part  of  fpace,  yet  it  might  be  very  eafily 
moved  by  any  other  fubllance. 

lo.  As  the  centrifugal  force  of  the  light  body 
B  will  not  allow  the  heavy  body  ^  to  remain  in 
the  center  of  motion,  even  though  it  be  24  times 
as  heavy  as  Bi  let  us  now  take  the  ball  A  (Fig. 
6.)  which  weighs  6  ounces,  and  connedt  it  by 
the  wire  C  with  the  ball  £,  which  weighs  only 
one  ounce  •,  and  let  the  fork  E  be  fixed  into  the 
center  of  the  whirling-board :  then  hang  the 
balls  upon  the  fork  by  the  wire  C  in  fuch  a  man- 
ndr,  that  they  may  exadlly  balance  each  other; 
which  will  be  when  the  center  of  gravity  between 
them,  in  the  wire  at  i,  is  fupported  by  the  fcrk. 
And  this  center  of  gravity  is  as  much  nearer  to 
the  center  of  the  ball  ji^  than  to  the  center  of  the 
ball  By  as  yi  is  heavier  than  Bj  allowing  for  the 
weight  of  the  wire  on  each  fide  of  the  fork. 
This  done,  let  the  machine  be  put  into  motion 
by  the  winch  ;  and  the  balls  /I  and  B  will  go 
round  their  common  center  of  gravity  ^,  keep- 
ing their  balance,  becaufe  either  will  not  allow 

the 
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the  other  to  fly  off  with  it.    For,  fuppofing  the 
ball  A  to  be  only  one  ounce  in  weighty  and  the 
ball  ^  to  be  fix  ounces;  then,  if  the  wire  C  were 
equally  heavy  on  each  fide  of  the  fork,  the  center 
of  gravity  d  would  be  fix  times  as  far  from  the 
center  of  the  ball  B  as  from  that  of  the  ball  A^ 
and  confequendy  B  will  revolve  with  a  velocity 
fix  times  as  great  as  A  does ;  which  will  give  B 
fix  times  as  much  centrifugal  force  as  any  fingle 
ounce  of  A  has :   but  then,  as  £  is  only  one 
ounce,  and  A  fix  ounces,  the  whole  centrifugal 
force  of  A  will  exaftly  balance  the  whole  centri- 
fugal force  of  B :  and  therefore,  each  body  will 
detain  the  other  fo  as  to  make  it  keep  in  its 
circle.    This  fiiews  that  the  fun  and  planets  muft 
all  move  round  the  common  center  of  gravity 
of  the  whole  fyftem,  in  order  to  preferve  that  jujl 
balance  which  takes  place  among  them.     For, 
the  planets  being  as  unadive  and  dead  as  the 
above  balls,  they  could  no  more  have  put  them- 
felves  into  motion  than  thefe  balls  can-,  nor  have 
kept  in  their  orbits  without  being  balanced  ac 
firft  with  the  greateft  degree  of  exaftnefs  upon 
their  common  center  of  gravity,  by  the  Almighty 
hand  that  made  them  and  put  them  in  motion. 

Perhaps  it  may  be  here  afkcd,  that  fince  the 
center  of  gravity  between  thefe  balls  muft  be 
fupported  by  the  fork  E  in  this  experiment, 
ivbal  prop  it  is  that  fupports  the  center  of  gra- 
vity of  the  folar  fyftcm,  and  confequcntly  bears 
the  weight  of  all  the  bodies  in  it ;  and  by  what 
is  the  prop  itfclf  fupported  ?  The  anfwer  is  eafy 
and  plain;  for  the  center  of  gravity  of  our  balls 
muft  be  fupported,  becaufe  chey  gravitate  to- 
wards the  earth,  and  would  therefore  fall  to  it : 
but  as  the  fun  and  planets  gravitate  only  towards 
D  3  one 
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one  anotTicr,  they  have  nothing  dfe  to  fall  tQs 
and  therefore  have  no  occanoo  for  any  thing  to 
fupport^heir  common  center  of  gravity:  and  if 
they  did  not  niove  round  that  cencer»  and  conle- 

auently  acquire  a  tendency  to  fly  off  from  it  by 
icir  TDOtions,  their  mutual  at  tr  aft  ions  would 
fopn  bring  them  together ;  and  fo  the  whole 
would  become  one  mafs  in  the  fun :  which  would 
alfo  be  the  cafe  if  their  velocities  round  the  fuii 
were  not  quick  enough  to  create  a  centrifugal 
force  equal  to  the  fun's  attraftion. 

But  after  all  this  nice  adjuftment,  it  appears 
evident  that  the  Deity  cannot  withdraw  his  re- 
gulating hand  from  his  works,  and  leave  them 
to  be  folely  governed  by  the  laws  which  he  has 
imprefl:  upon  them  at  firft.  For  if  he  (houid 
once  leave  them  fo,  their  order  would  in  time 
come  to  an  end  ;  becaufe  the  planets  mud  ne- 
ceflarily  difturb  one  another's  motions  by  their 
mutual  attractions,  when  feveral  of  them  are  in 
the  fame  quarter  of  the  heavens;  as  is  often  the 
cafe:  and  then,  as  they  atcra£t  the  fun  more 
towards  that  quarter  than  when  they  are  in  a 
manner  difperfed  equably  around  him,  if  he  was 
not  at  that  time  made  to  defcribc  a  portion  of  a 
larger  circle  round  the  common  center  of  gravity, 
the  balance  would  then  be  immediately  de- 
ftroyed;  and  as  it  could  never  reftorc  itfelf  again, 
Chf  whole  fyftem  would  begin  to  fall  together, 
and  would  in  time  unite  in  a  mafs  at  the  fun. — 
Of  thb  difturbance  we  have  a  very  remarkable 
inftance  in  the  comet  which  appeared  lately;  and 
which,  in  going  laft  up  before  from  the  fun,  went 
fo  near  to  Jupiter,  and  was  fo  affedtcd  by  his 
attraftion,  as  to  have  the  figure  of  its  orbit  much 
changed;  and  not  only  fo,  but  to  have  its  period 

altered, 


Of  fentral  Fmes.  41 

jriceiedt  and  its  courie  to  be  different  in  the  hea* 
vem  fit>m  what  it  was  laft  before. 

II.  Take  away  the  fork  and  baUs  from  the  Fig.  ^. 
whirling.board,  and  plade  the  trough  AB  there- 
on, fixing  its  center  to  the  center  of  the  whirl- 
ing-board by  the  pin  H.    In  this  trough  are  two 
balls  D  and  £,  of  unequal  weights,  connefted 
by  a  wire/;  and  made  to  Aide  eafily  upon  the 
wire  C  ftrecched  from  end  to  end  of  the  trough^ 
and  made  fall  by  nut-fcrews  on  the  outfide  of  the 
ends.  Let  thefe  balls  be  fo  placed  upon  the  wire 
C,  that  their  common  center  of  gravity  ^^  may  be 
diredly  over  the  center  of  the  whirling-board/ 
Then,  turn  the  machine  by  the  winch,  ever  (b 
fwiftly,and  the  troughand  balls  will  go  round  their 
center  of  gravity,  fo  as  neither  of  the  balls  will  fly 
off;  becaufe,  on  account  of  the  equilibrium,  each 
ball  detains  ^he  other  with  an  equal  force  a£ting 
againft  it.    But  if  the  ball  E  be  drawn  a  little 
more  towards  the  end  of  the  trough  at  A^  it  will 
remove  the  center  of  gravity  towards  that  end 
from  the  center  of  motion ;   and  then,  upoa 
(urning  the  machine,  the  little  ball  E  will  fiy  ofi^ 
and  ftrike  with  a  confiderable  force  againft  the 
end  A^  and  draw  the  great  ball  B  into  the  middle 
of  the  trough.    Or,  if  the  great  ball  D  be  drawn 
towards  the  end  B  of  the  trough,  fo  that  the  cen- 
ter of  gravity  may  be  a  little  towards  that  end 
from  the  center  of  motion,  and  the  machine  be 
turned  by  the  winch,  the  great  ball  D  will  fly  off, 
and  ftrike  violently  againft  the  end  B  of  the 
trough,  and  wi)l  bring  the  little  ball  E  into  the 
middle  of  it.    If  the  trough  be  not  made  very 
^rong,  the  ball  B  will  break  through  it. 

12.  The  reafon  why  the  tides  rife  at  the  ^e  9^  ^^^ 
(ibfolute  time  on  oppofite  fides  of  the  earth,  and  ^^^^ 
P  4  confequently 
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(coniVquentl/  in  oppofite  diredions,    is   made 
abundantly  plain  by  a  new  experiment  on  tho 
whirling-cable.  Thecaufeof  their  rifingon  the  fide 
next  the  moon  every  one  underftands  to  be  owing 
to  the  moon's  attraction :  but  why  they  Ihouid 
rife  on  the  oppofite  fide  at  the  (iime  time,  where 
there  is  no  moon  to  attract  them,  is  perhaps  not 
fo  generally  underftood.     For  it  would  fcem 
that  the  moon  {hould  rather  draw  the  waters  (as 
it  were)  clofer  to  that  fide,  than  raife  them  upon 
it,  diredlly  contrary  to  her  attradlive  force.   Let 
Pig*  9-      ^^  circle  abed  reprefent  the  es^rth,  with  its  fide 
c  turned  toward  the  moon,  which  will  then  at- 
tract the  waters  fo,  as  to  raife  them  from  t  log. 
But  the  qucftion  is,  why  fiiould  they  rife  as  high 
at  that  very  time  on  the  oppofite  fide,  from  a  to 
Fjg*  9*      ^'^    ^"  order  to  explain  this,  let  there  be  a  plate 
jiB  fixed  upon  one  end  of  the  flat  bar  DC\  with 
fuch  a  circle  drawn  upon  it  2^%  abed  (in  Fig.  8.) 
to  reprefent  the  round  figure  of  the  earth  and 
fea;  and  fuch  an  ellipfis  as  efgh  to  reprefent  the 
fwelling  of  the  tide  at  e  and  g^  occafioned  by  the 
influence  of  the  moon.     Over  this  plate  AB  let 
the  three  ivory  halls  tf,/,^,  be  hung  by  the  filk 
lines  bj  /,  k^  faftened  to  the  cops  of  the  crooked 
wires  H,  /,  K,  in  fuch  a  manner,  that  the  ball  at 
i  may  hang  freely  over  the  fide  of  the  circle  e^ 
which  is  farcheft  from  the  moon  M  (at  the  oth?r 
end  of  the  bar) ;  the  ball  ac  /  may  hang  freely 
over  the  cencer,  and  the  ball  at^  hang  over  the 
fide  of  the  circle  g^  which  is  neareft  the  moon. 
The  ball/  may  rrprcfent  the  center  of  the  earth, 
the  ball  g  fome  water  on  the  fide  next  the  moon, 
and  che  ball  e  fome  water  on  the  oppofite  fide; 
On  the  back  of  the  moon  M  is  fixt  the  fhort  bar 
N  parallel  to  the  horizon,  and  there  are  three 
holes  in  it  above  the  little  weights  ^,  j,  r.     A 

filk 
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filk  thread  0  is  tied  to  the  line  k  clofe  above  the 
ball/»  and  pafling  by  one  fide  of  the  moon  M^ 
gpc%  through  a  hole  in  the  bar  Nf  and  has  the 
weighty  hung  to  it.  Such  another  thread  n  is 
tied  to  the  line  1,  clofe  above  the  ball  /,  and 
paffing  through  the  center  of  the  moon  M  and 
middle  of  the  bar  iV,  has  the  weight  q  hung  to 
it,  which  is  lighter  than  the  weight />•  A  third 
thread  m  is  tied  to  the  line  b^  cloie  above  the  ball 
<,  and  pafCng  by  the  other  fide  of  the  moon  M^ 
through  the  bar  N^  has  the  weight  r  hung  to  it, 
which  is  lighter  than  the  weight  q. 

The  ufe  of  thefe  three  unequal  weights  is  to 
reprefcnt  the  moon's  unequal  attradtion  at  diffe- 
rent diftances  from  her.     With  whatever  force 
flie  attraAs  the  center  of  the  earth,  (he  attracts 
the  fide  next  her  with  a  greater  oegree  of  force, 
^d  the  fide  fartheft  from  her  with  a  lefs.     So, 
if  the  weights  are  left  at  liberty,  they  will  draw 
all  the  three  balls  towards  the  moon  with  difie- 
rent  degrees  of  force,  and  caufc  them  to  make 
the  appearance  (hewn  in  Fig.   10  *,   by  which  Fig.  kx 
means  they  are  evidently  farther  from  each  other 
than  they  would  be  if  they  hung  at  liberty  by  the 
lines  b^  1,  k\  becaufe  the  lines  would  then  hang 
perpendicularly.    This  fliews,  that  as  the  moon 
iattrads  the  fide  of  the  earth  which  is  neareft  her 
with  a  greater  degree  of  force  than  (he  does  the 
center  of  the  earth,  flie  will  draw  the  water  on 
that  fide  more  than  fhe  draws  the  center,  and  fo 
caufc  it  to  rife  on  that  fide:  and  as  fiie  draws  the 
center  more  than  flie  draws  the  oppofite  fide, 
the  center  will  recede  farther  from  the  furface  of 
the  water  on  that  oppofite  fide,  and  fo  leave  it  as 
^igh  there  as  (he  raifed  it  on  the  fide  next  to  her. 
For,  as  the  center  will  be  in  the  middle  between 

the 
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the  tops  of  the  oppofice  elevations,  they  muft  of 
courfe  be  equally  high  on  both  fides  at  the  famo 
time. 

But  upon  this  fuppoGtbn  the  earth  and  moon 
would  foon  come  together :  and  to  be  furc  they 
would,  if  they  had  not  a  motion  round  their 
common  center  of  gravity,  to  create  a  degree  of 
centrifugal  force  fufficient  to  balance  their  mu* 
tual  attraction.  This  motion  they  have;  for  as 
the  moon  goes  round  her  orbit  every  month,  at 
the  diftance  of  240000  miles  from  the  earth's 
center,  and  of  234000  miles  from  the  center  of 
gravity  of  the  earth  and  moon,  fo  does  the  earth 
go  round  the  fame  center  of  gravity  every  month 
at  the  diftance  of  6000  miles  from  it ;  that  is, 
from  it  to  the  center  of  the  earth.  Now  as  the 
earth  is  (in  round  numbers)  8000  miles  in  dia- 
meter, it  is  plain  that  its  fide  next  the  moon  is 
only  2000  miles  from  the  common  center  of  gra- 
vity of  the  earth  and  moon ;  its  center  6000 
miles  diftant  therefrom;  and  its  farther  fide  firom 
the  moon  loooo.  Therefore  the  centrifugal 
forces  of  thefe  parts  are  as  2000,  6000,  and 
1 0000 ;  that  is,  the  centrifugal  force  of  any  fide 
of  the  earth,  when  it  is  turned  from  the  moon, 
is  five  times  as  great  as  when  it  is  turned  towards 
the  moon.  And  as  the  moon's  attraction  (ex- 
prcft  by  the  numbers  6000)  at  the  earth's  center 
keeps  the  earth  from  flying  out  of  this  monthly 
circle,  it  muft  be  greater  than  the  centrifugal 
force  of  the  waters  on  the  fide  next  her ;  and 
confequently,  her  greater  degree  of  attraftion  on 
that  fide  is  fufficient  to  raife  them ;  but  as  her 
attraction  on  the  ojppofite  fide  is  lefs  than  the 
centrifugal  force  or  the  water  there,  the  excei^ 
of  this  force  is  fufficient  to  raife  the  water  jufl:  as 

hig^ 
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high  on  the  oppofite  Iide.«— To  prove  thisexpcr  Fig.  9. 
ritnentallyt  let  the  bar  D  C  with  its  furniture  be 
fixed  upon  the  whirling-board  of  the  machine 
(Fig.  1.)  bj  pufhing  the  pin  P  into  the  center 
of  the  board ;  which  pin  is  in  the  center  of  gra* 
vity  of  the  whole  bar  with  its  three  bails  ^,  /,  g^ 
and  moon  M.  Now  if  the  whirling-board  and 
bar  be  turned  flowly  round  by  the  winch,  until 
the  ball/ hangs  over  the  center  of  the  circle,  as 
in  Fig.  II.  the  ball  g  will  be  kept  towards  the 
moon  by  the  heavicft  weighty,  (Fig.  9.)  and 
the  ball  e^  on  account  of  its  greater  centrifugal 
force,  and  the  leflcr  weight  r,  will  fly  off  as  far 
to  the  other  tide,  as  in  Fig.  1 1.  And  fo,  whilfl: 
the  machine  is  kept  turning,  the  balls  e  and  g 
will  hang  over  the  ends  of  the  ellipfis  //  k.  So 
that  the  centrifugal  force  of  the  ball  e  will  ex* 
ceed  the  moon's  attraftion  jjft  as  much  as  htr 
attraAion  txceeds  the  centrifugal  force  of  the 
ball  g^  whilft  her  attraftion  jull  balances  the  cen- 
trifugal force  of  the  ball  /,  and  makes  it  keep 
in  its  circle.  And  hence  it  is  evident  that  the 
tides  mud  rife  to  equal  heights  at  the  fame  time 
on  oppofite  fides  of  the  earth.  I  his  experi- 
ment, to  the  beft  of  my  knowledge,  is  entirely 
new. 

From   the  principles  thus  eftablifhed,  it  is  The 
evident  that  the  earth  moves  round  the  fun,  and  p^r.h's 
not  the  fun  round  the  earth  1  for  the  ctrntrifu'ial  'V^^l?!? 
law  will  never  allow  a  great  body  to  move  round  iirutcd. 
a  fmall  one  in  any   orbit  whatever ;  fpccially 
when  we  find  that  if  a  fniall  body  moves  round 
a  great  one,  the  j,  reu  one  muil  alfo  move  round 
the  common  center  of  gravity  between  them  two. 
And  it  is  well  known  that  ihe  quantity  of  matter 
in  the  fun  is  227000  liairs  as  great  as  the  quan- 
tity of  matter  in  the  earth.     Now,  as  the  fun's 
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in  a  minute ;  and  another  body,  which  we  fluO 
call  B^  to  weigh  only  four  pounds,  and  to  move 
20  miles  in  a  minute;  the  entire  forces  with 
which  thefe  two  bodies  would  ftrike  againft  any 
obllacle  Svould  be  equal  to  each  other,  and  there- 
fore it  would  require  equal  powers  to  Hop  them. 
*  For  40  multiplied  by  2  gives  80^  the  force  of 
the  body  A :  and  20  multiplied  by  4  gives  80, 
the  force  of  the  body  B. 

Upon  this  eafy  principle  depends  the  whole 
of  mechanics :    and  it  holds  univerfally  true^ 
that  when  two  bodies  are  fufpended  on  any 
machine,  fo  as  to  zGt  contrary  to  each  other ;  if 
the  machine  be  put  into  motion,  and  the  per- 
pendicular afcent  of  one  body  multiplied  into 
its  weight,  be  equal  to  the  perpendicular  dcfcent 
of  the  other  body  multiplied  into  its  weight, 
thofe  bodies,  how  unequal  foever  in  their  weights, 
will  balance  one  another  in  all  fituations :  for, 
as  the  whole  afcent  of  one  is  performed  in  the 
fame  time  with  the  whole  defcenc  of  the  other, 
their  refpeftivc  velocities  mull  be  direftly  as  the 
fpaces  they  move  through ;  and  the  excefs  of 
weight  in  one  body  is  compenfated  by  the  excefs 
How  to    ^^  velocity  in  the  other.— Upon  this  principle  it 
compote    is  eafy  to  compute  the  power  of  any  mechanical 
the  power  engine,  whether  fimple  or  compound  •,  for  it  is 
ttwhani-  ^^^  ^"^^  finding  how  much  fwifter  the  power 
cai  cn-*^ "  moves  than  the  weight  does  (1.  e.  how  much  far- 
gine.        ther  in  the  fame  time)  and  juft  fo  much  is  the 
power  increafed  by  the  help  of  the  engine. 

In  the  theory  of  this  fcience,  we  fuppofe  all 
planes  perfectly  even,  all  bodies  perfedlly  fmooth, 
levers  to  have  no  weight,  cords  to  be  extremely 
pliable,  machines  to  have  no  fridion ;  and  in 
ihort,  all  imperfei^ions  mull  be  fet  aGde  until 

the 
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he  theoiy  be  eftablifted^   and  then,  proper 
llowances  are  to  be  made. 

The  iimple  machines^  ufually  Q2i\cAtnecbani€aly\^^^^ 
*ozverSf  are  &L  in  number,  viz.  the  lever^  thcchanic 
vJbeel  and  axle^  the  pulley^  the  inclined  plane^  thepo^^crs, 
vedge^  and  the  ycr^w.— They  are  called  mecha-  ^°"^' 
hical  powers,  beoaufe  they  help  us  mechanically 
o  raife  weights,  move  heavy  bodies,  and  over- 
ome  rciiftancesi  which  we  could  not  efie£b  with- 
out them. 

I.  A  lever  is  a  bar  of  iron  or  wood, •  one  part  xhe  Um 
if  which  being  fupported  by  a  prop,  all  the  <v#r. 
idler  parts  turn  upon  that  prop  as  their  center 
if  motion :  and  the  velocity  of  every  part  or 
x>int  is  direftiy  as  its  diftance  fn>m  the  prop. 
Therefore,  when  the  weight  to  be  raifed  at  one 
md  is  to  the  power  applied  at  the  other  to  raife 
c,  as  the  diftance  of  the  power  from  the  prop 
s  to  the  diftance  oi  the  weight  from  the  prop, 
:he  power  and  weight  will  exactly  balance  or 
:ounterpoife  each  other:  and  as  a  comn;on  lever 
!ias  next  to  no  fridtion  on  its  prop,  a  very 
ittle  additional  power  will  be  fufieiant  ta  raife 
Ae  weight.  •  "i\  *ji 

There  are  four  kinds  of  levers,  i.  The 
:ommon  fort,  where  the  prop  is  placed  between 
he  weight  and  the  power ;  but  much  nearer  to 
he  weight  than  to  the  power.  2.  When  the 
Mop  is  at  one  end  of  the  lever,  the  power  at  the 
>ther,  and  the  weight  between  them.  3.  When 
he  prop  is  at  one  end,  the  weight  at  the  other, 
md  the  power  applied  between  them.  4.  The 
3ended  lever,  which  diflfers  only  in  form  from 
:hc  firft  fort,  but  not  in  property.  Thofe  of  the 
Krft  and  fecond  kind  are  often  ufed  in  mechani- 
cal engines;  but  there  are  few  inftances  in  which 
the  third  fort  is  ufed. 

A  Com" 
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The  la-       A  Common  balance  is  by  fome  reckoned  a  M 

Imce.       of  the  firfl:  kind  ;  but  as  both  its  ends  ut  < 

equal  diftances  from  its  center  of  motion,  tfaq 

move  with  equal  velocities;  and  therefort|« 

it  gives  no  mechanical  advantage^  it  cannot  pi^ 

perly  be  reckoned  among  the  mechanical poMb 

Plate  V.       A  lever  of  the  firft  kind  is  reprefented  by  ikc 

Th'  l\    ^^^  ABCy  fupported  by  the  prop  D.     Itsprio- 

kiod  of    ^^P^'  ^^^  ^^  ^^  loofen  large  ftones  in  the  gnNudr 

lever.       or  raife  great  weights  to  fmall  heights,  in  oidtf 

to  have  ropes  put  under  them  for  raifing  theitt 

higher  by  other  machines.     The  parts  A  Bui 

B  Cy  on  different  fides  of  the  prop  D,  are  calkd 

the  arms  of  the  lever :  the  end  yi  of  the  flionff 

arm  AB  being  applied  to  the  weight  intended 

to  be  raifed,  or  to  the  rcfiftance  to  be  overcome i 

and  the  power  applied  to  the  end  C  of  the  lorgcr 

arm  B  C. 

In  making  experiments  with  this  machine,  the 
ihorter  arm  AB  mud  be  as  much  thicker  than 
the  longer  arm  B  C,  as  will  be  fufficient  to  U^ 
lance  ic  on  the  prop.  1  his  fuppofed,  let  P  re* 
prefent  a.  power,  whofe  gravity  is  equal  to  I 
ounce,  and^a  weight,  whofe  gravity  is  equal 
to  12  ounces.  Then,  if  the  power  be  12  times 
as  far  from  the  prop  as  the  weight  is,  they  will 
exadtly  counterpoife ;  and  a  fmall  addition  to 
the  power  P  will  caufe  it  to  defcend,  and  raiie 
the  weight  IV \  and  the  velocity  with  which  the 
power  defcends  will  be  to  the  velocity  with 
which  the  weight  rifes,  as  12  to  i  :  that  is, 
diredly  as  their  diftances  from  the  prop ;  and 
confequently,  as  th^  fpaces  through  which  they 
move.  Hence,  it  is  plain  that  a  man,  who  by 
his  natural  ftrength,  without  the  help  of  any 
machine,  could  fupport  an  hundred  weight,  will 
by  the  help  of  this  lever  be  enabled  to  fupport 

twelve 
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^tirclve  hundred.     If  the  weight  be  lefs,  or  the 
^ower  greater,  the' prop  may  be  placed  (o  much 
farther  from  the  weight;  and  then  it  can  be 
xaifed  to  a  proportionabljr  greater  height.     For 
"vhiverfally,  if  the  intcnfity  of  the  weight  mul- 
tiplied into  its  diftance  from  the  prop  be  equal 
WO  the  intenfity  of  the  power  mulriplied  into  its 
^ftance  from  the  prop,  the  power  and  weight 
"Will  exaftly  balance  each  other  ;  and  a  little  ad- 
dition to  the  power  will  raife  the  weight.    Thus^ 
an  the  prefent  inllance,  the  weight  W  \%   iz 
ounces,  and  its  diftance  from  the  prop  is  i  inch  ; 
and  12  multiplied  by  i  is  12  •,  the  power  P  is 
equal  to  I  ounce,  and  its  diflance  from  the  prop 
is  12  inches,  which  multiplied  by  i  is  12  again; 
and  therefore  there  is  an  equilibrium  between 
them.    So,  if  a  power  equal  to  2  ounces  be  ap- 
plied at  the  diftance  of  6  inches  from  the  prop. 
It  will  juft  balance  the  weight  IV  \  for  6  multi- 
plied by  2  is  12,  as  before.     And  a  power  equal 
to  3  ounces  placed  at  4  inches  diftance  from  the 
prop  would  be  the  fame ;  for  3  times  4  is  12  ; 
and  (o  on,  in  proportion. 

Tht  ftatera  or  Roman  fteelyard  is  a  lever  of  Thcy?#t/- 
this  kind,  and  is  ufed  for  finding  the  weighta  oij^^^* 
different  bodies  by  one  fingle  weight  placed  at 
different  diftances  from  the  prop  or  center  of 
motion  D.  For,  if  a  fcale  hangs  at  Ay  the  ex- 
tremity of  the  (hotter  arm  A  5,  and  is  of  fuch  a 
weight  as  will  exactly  counterpoifc  the  longer 
arm  B  C\  if  this  arm  be  divided  into  as  many 
equal  parts  as  it  will  contain,  each  equal  to  A  B^ 
the  fingic  weight  P  (which  we  may  I'uppok  to 
be  I  pound)  will  fer/e  for  weighing  any  thing 
as  heavy  as  itfclf,  or  as  many  times  heavier  as 
there  are  divifions  in  the  arm  B  C,  or  any  quan* 
tity  between  its  own  weight  and  that  quantity. 
£  As 
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As  for  example,  if  P  be  i  pound,  and  pbol 
at  the  firft  divifion  i  in  the  arm  BC^  it  wl 
balance  i  pound  in  the  fcale  at  A:  if  it  beI^ 
moved  to  the  fecond  divifion  at  z^  it  will  tfr 
lance  2  pounds  in  the  fcale  :  if  to  the  third,  j 
pounds ;  and  fo  on  to  the  end  of  the  arra  BC 
If  each  of  thcfc  integral  diviBons  be  fubdividd 
into  as  many  equal  parts  as  a  pound  contaai 
ounces,  and  the  weight  P  be  placed  at  any  rf 
thefe  fubdivifions,  fo  as  to  counterpoife  what  is 
in  the  fcale»  the  pounds  and  odd  ounces  tberek 
will  by  that  means  be  afccrtained. 

To  thia  kind  of  lever  may  be  reduced  ferail 
forts  of  inftruments,  fuch  as  fciflfars,  pincheni 
fnuflPcrs  I  which  are  made  of  two  levers  adtuft 
contrary  to  one  another  :  their  prop  or  center  £a 
motion  being  the  pin  which  keeps  them  tog^ 
then 

In  common  pra6tice,  the  longer  arm  of  tbis 
lever  greatly  exceeds  the  weight  of  the  fliortcr: 
which  gains  great  advantage,  becaufe  it  adds  b 
much  to  the  power. 
The  (e-         A  lever  of  the  fecond  kind  has  the  weight 
cond  kind  between  the  prop  and  the  power.     In  this,  ss 
of  lever,    ^^y  ^3  ^^^  former,  the  advantage  gained  is  as 
the  diftance  of  the  power  from  the  prop  to  the 
diilance  of  the  weight  from  the  prop:  fbf^the 
refpedtive  velocities  of  the  power  and  weight  are 
in  that  proportion  ;  and  they  will  balance  each 
other  when  the  intenfity  of  the  power  multi- 
plied by  its  diftance  from  the  prop  is  equal  tQ 
the  intenfity  of  the  weight  multiplied  by  its  dif- 
Kg.  t.  '    tance  from  the  prop.     Thus,  if  yf  ^  be  a  lever 
on  which  the  weight  IV  oi  6  ounces  hangs  at  the 
diftance  of  i  inch  from  the  prop  G,  and  a  power 
P  equal  to  the  weight  of  i  ounce  hangs  at  the 
end  B^  6  inches  from  the  prop,  by  the  cord 

CD 
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C  t)  ^ing  over  the  fixed  pulley  Ej  the  power 
ivill  juft  Ibpport  the  weight :  and  a  fmall  ad- 
dition to  the  power  will  raife  the  weight,  i  inch 
.for  every  6  inches  chat  the  power  defcends. 

This  lever  (hews  the  reafon  why  two  men 
carrying  a  burden  upon  a  (lick  between  them, 
bear  unequal  fliares  of  the  burden  in  the  in- 
verfe  proportion  of  their  diftanccs  from  it.  For 
it  is  well  known,  that  the  nearer  any  of  them  is 
to  the  burden,  thet  greater  (hare  he  bears  of  it : 
and  if  he  goes  dire<5lly  under  it,  he  bears 
the  whole.  So,  if  one  man  be  at  G,  and  the 
other  at  P,  having  the  pole  or  ftick  jiB  refting 
on  their  (houlders  -,  if  the  burden  or  weight  ff^ 
be  placed  (ive  times  as  near  the  man  at  G,  as  it 
18  to  the  man  at  P,  the  former  will  bear  five 
times  as  much  weight  as  the  latter.  This  is 
likewife  applicable  to  the  cafe  of  two  horfes  of 
unequal  ftrength  to  be  fo  yoked,  as  that  each 
horfe  may  draw  a  part  proportionable  to  his 
ftrength  -,  which  is  done  by  fo  dividing  the  beam 
they  pull,  that  the  point  of  traAion  may  be  as 
much  nearer  to  the  ftronger  horfe  than  to  the 
weaker,  as  the  ftrength  of  the  former  exceeds 
that  of  the  latter. 

To  this  kind  of  lever  may  be  reduced  oars, 
rudders  of  (hips,  doors  turning  upon  hinges, 
cUtting-knives  which  are  fixed  at  the  point  of 
the  blade,  and  the  like. 

If  in  this  lever  we  fuppofe  the  power  and  The  third 
weight  to  change  places,  fo  that  the  power  may  ^'"^  ^^ 
be  between  the  weight  and  the  prop,  it  will  be-  ^^*^'^' 
come  a  lever  of  the  third  kind  :  in  which,  that 
there  may  be  a  balance  between  the  power  and 
the  weight,  the  intenfiiy  of  the  power  muft  ex- 
ceed the  intenfiiy  of  the  weight,  juft  as  much 
as  the  diftance  of  the  weight  from  the  prop  ex- 
£  2  cceds 


54  0/  ^^^  michanicd  PcwerSm 

y  ceeds  the  dillances  of  the  power  from  it.    Th% 

^^'^'  let  E  be  the  prop  of  the  lever  J  B^  and  W^t 
weight  of  I  pound,  placed  3  times  as  far  from 
the  prop,  as  the  power  P  a£b  at  F,  by  die 
cord  C  going  over  the  fixed  pulley  D  ^  in  this 
cafe,  the  power  mufl;  be  equal  to  three  pouadsi 
in  order  to  fupporc  the  weight. 

To  this  fort  of  lever  are  generally  referred 
the  bones  of  a  man's  arm  :  for  when  we  life  1 
weight  by  the  hand,  the]  mufdc  that  cxcro  ia 
force  to  raife  that  weight,  is  fixed  to  the  booe 
about  one  tenth  part  as  far  below  the  elbow  u 
the  hand  Is.  And  the  elbow  being  the  cam 
round  which  the  lower  part  of  the  arm  turns, 
the  mufcle  mull  therefore  exert  a  force  ten  time 
as  great  as  the  weight  that  is  raifed. 

As  this  kind  of  lever  is  a  difadvantage  to  the 
moving  power,  it  is  never  ufed  but  in  cafes  of 
•  necediry  *,  fuch  as  that  of  a  ladder,  which  belog 
fixed  at  one  end,  is  by  the  Ilrength  of  a  man's 
arms  reared  againft  a  wall.  And  in  clock-work, 
where  all  the  wheels  may  be  reckoned  levers  of 
this  kind,  becaufe  the  power  that  moves  every 
wheel,  except  the  firft,  a£ts  upon  it  near  the 
center  of  motion  by  means  of  a  fmall  pinion, 
and  the  refiftance  it  has  to  overcome,  a£b  agwift 
the  teeth  round  its  circumference. 
The  The  fourth  kind  of  lever  differs  nothing  from 

fourth  the  firft,  but  in  being  bended  for  the  fake  of 
ic'vcr  °  convenience.  /?  CB  is  a  lever  of  this  fort,  bended 
l::g.\.  at  C,  which  is  its  prop,  or  center  of  motion, 
P  is  a  power  adting  upon  the  longer  arm  /tC  at 
Fi  by  means  of  the  cord  D  E  going  over  the 
pulley  G  ;  and  IF  is  a  weight  or  refiftance  a^ing 
upon  the  end  B  of  the  (hotter  arm  B  C  If  the 
power  is  to  the  weight,  as  C  iJ  is  to  C  /s  they 
arc  in  equilil/rio.     Thus,  fuppofe  fF  to  be  5 

pounds 
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pounds  afting  at  the  diftance  of  one  foot  from 
che  center  of  motion  C,  and  P  to  be  i  pound 
a'ding  at  F,  five  feet  from  the  center  C,  the 
power  and  weight  will  juft  balance  eacK  other. 
A  hammer  drawing  a  nail  is  a  lever  of  this 
lore, 

2.  The  fecond  mechanical  power  is  the  t:;heel  ^'^^c 
and  axle^  in  which  the  power  is  applied  to  the  ^^'^^  '^"^ ' 
circumference  of  the  wheel,  and  the  weight  is 
raifed  by  a  rope  which  coils  about  the  axle  as  the 
^heel  is  turned  round.  Here  it  is  plain  that 
the  velocity  of  the  power  muft  be  to  the  velocity 
of  the  weight,  as  the  circumference  of  the  wheel 
is  to  the  circumference  of  the  axle:  and  confe- 
quently,  the  power  and  weight  will  balance  each 
other,  when  the  intenfity  of  the  power  is  to  the 
intenfiry  of  the  weight,  as  the  cicumference  of 
the  axle  is  to  the  circumference  of  the  wheel. 
Let  yf  5  be  a  wheel,  CD  its  axle,  and  fuppofe  pig.  5. 
the  circumference  of  the  wheel  to  be  8  times  as 
great  as  the  circumference  of  the  axle  •,  then,  a 
power  P  equal  to  i  pound  hanging  by  the  cord 
/,  which  goes  round  the  wheel,  will  balance  a 
weight  ^  of  8  pounds  hanging  by  the  rope  K^ 
which  goes  round  the  axle.  And  as  the  fric- 
tion on  the  pivets  or  gudgeons  of  the  axle  is 
but  fmall,  a  fmall  addition  to  the  power  will 
caufe  it  to  defcend,  and  raife  the  we'ght :  but 
the  weight  will  rife  with  only  an  eighth  part  of 
the  velocity  wherewith  the  power  dercends,  and 
confequently,  through  no  more  than  an  eis^hth 
part  of  an  equal  fpace,  in  the  fame  iirr.z.  It  the 
wheel  be  pulled  round  by  the  handles  5,  5,  the 
power  will  be  increafed  in  proportion  to  tlicir 
length.  And  by  this  means,  any  weight  may 
be  raifed  as  high  as  the  operator  plcafes. 

E  3  To 
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To  this  fort  of  engine  belong  all  crana  fW 
raidng  great  weights ;   and  in   this   cafe,  tk 
wheel  may  have  cogs  all  round  it  inftead  of  hao- 
dies,  and  a  fmall  lantern  or  trundle  may  be  made 
to  work  in  the  cogs,  and  be  turned  by  a  winch  j 
which  will  make  the  power  of  the  engine  to  ezr 
ceed  the  power  of  the  man  who  works  it,  as 
much  as  the  number  of  revolutions  of  the  winch 
exceed  thofe  of  the  axle  JD,    when  multiplied 
by  the  excefs  of  the  length  of  the  winch  above 
the   length   of  the  femidiameter  of  the  axk^ 
added  to  the  femidiameter  or  half  thickncfs  of 
the  rope  /f,  by  which  the  weight  is  drawn  up,— 
Thus,  fuppofe  the  diameter  of  the  rope  and 
axle  taken  together,  to  be  13  inches,  and  conic- 
quently,  half  their  diameters  to  be  6  4-  inches  \  fq 
that  the  weight  JV  will  hang  at  6  ^  inches  per* 
pendicular  diftance  from  below  the  center  of 
the  axle.     Now,  let  us  fuppofe  the  wheel  AB^ 
which  is  fixe  on  the  axle,  to  have  80  cogs,  and 
to  be  turned  by  means  of  a  winch  6  4-  inches 
long,  fixt  on  the  axis  of  a  trundle  of  8  ftaves  oc 
rounds,  working  in  the  cogs  of  the  wheel- 
Here  it.  is  plain,  that  the  winch  and  trundle 
would  make  10  revolutions  for  one  of  the  wheel 
AB^  and  its  axis  Dj  on  which  the  rope  K  winds 
in  raifing  the  weight  fV\  and  the  winch  being 
no  longer  than  the  fum  of  the  femidiameters  of 
the  great  axle  and  rope,  the  trundle  could  have 
no  more  power  on  the  wheel,  than  a  man  could 
have  by  pulling  it  round  by«  the  edge,  becaufe 
the  winch  would  have  no  greater  velocity  than 
the  edge  of  the  wh.el  has,  which  we  here  fup- 
pofe to  be  ten  times  as  great  as  the  velocity  of 
the    rifing   weight :  fo  that,   in   this  cafe,  the 
power  gained  would  be  as  10  to  i.     But  if  the 
length  of  the  winch  be  13  inches,  the  power 

gained 
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pained  will  be  as  20  to  i :  if  19  f  inches  (which 
IS  long  enough  for  any  man  to  work  by)  the 
power  gained  would  be  as  30  to  i ;  that  is,  a 
man  could  raife  30  times  as  much  by  fuch  an 
engine,  as  he  could  do  by  his  natural  ftrength 
without  it,  becaufe  the  velocity  of  the  handle  of 
the  winch  would  be  30  times  as  great  as  the  ve- 
locity of  the  rifing  weight ;  the  abfolute  force 
of  any  engine  being  in  proportion  of  the  velocity 
of  the  power  to  the  velocity  of  the  weight  raifed 
by  it. — But  then,  juft  as  much  power  or  advan- 
tage as  is  gained  by  the  engine,  fo  much  time  is 
loft  in  working  it.  In  this  fort  of  machines  it  is 
requifite  to  have  a  ratchet-wheel  G  on  one  end 
of  th^  axle,  with  a  catch  H  to  fall  into  its  teeth  ; 
which  will  at  any  time  fupport  the  weight,  and 
keep  it  from  defcending,  if  the  perfon  who  turns 
the  handle  (hould,  through  inadvertency  or  care- 
leiTnefs,  quit  his  hold  whilft  the  weight  is  raifing. 
And  by  this  means,  the  danger  is  prevented  which 
might  otherwife  happen  by  the  running  down 
of  the  weight  when  left  at  liberty. 

3.  The  third  mechanical  power  or  engine  con-  Thc/«/- 
lifts  either  of  one  moveable  pully^  or  a  fyjtem  ef^^* 
fulltys ;  fome  in  a  block  or  cafe  which  is  fixed, 
and  others  in  a  block  which  is  moveable,  and 
rifes  with  the  weight.  For  though  a  fingle 
pulley  that  only  turns  on  its  axis,  and  moves  not 
out  of  its  place,  may  ferve  to  change  the  di- 
re£tion  of  the  power,  yet  it  can  give  no  mecha- 
nical advantage  thereto ;  but  is  only  as  the  beam 
of  a  balance,  whofe  arms  are  of  equal  length  and 
weight.  Thus,  if  the  equal  weights  IV  and  P  Fig,  ^ 
hang  by  the  cord  B  B  upon  the  pulley  A^  whofe 
frame  b  is  fixed  to  the  b<ram  H  i,  they  will  coun* 
terpoife  each  other,  juft  in  the  fame  manner  as 
if  the  cord  were  cut  in  the  middle,  and  its  two 
£  4  ends 
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pnds  hung  upon  the  hooks  fixt  in  the  pulley  11 
^  and  ^y,  equally  diftant  from  its  center. 

But  if  a  weight  IF  hangs  at  the  lower  end  i 
the  moveable  block  p  of  the  pulley  D,  and  the 
cord  G  F  goe^  under  that  pulky^  it  is  plain  that 
the  half  G  of  the  cord  bears  one  half  of  d^ 
weight  Pt^^  and  the  half  F  the  other  %  for  they 
bear   the   whole    between   them.       Thcrefoit^ 
whatever  holds  the  upper  end  of  cither  ropcp 
fuftairrs  one  half  of  the  weight :  and  jf  the  cord 
at  F  be  drawn  up  lb  as  to  raife  the  pblky  D  toQ 
the  cord  will   then  be  extended  to  its  wbole 
length,  all  but  tiiut  part  which  goes  under  the 
puljry  :  and  conftquenily,  the  power  that  draws 
the  cord  wilt  have  moved  twice  as  far  as  the 
pulley  D  with  its  weight  PF  rifes;    on  which 
account,  a  power  whofe  incenfity  is  equal  to  one 
half  of  the  weight  will  be  able  to  fupport  it, 
becaufe  if  the  power  moves  (by  means  of  a  fmall 
addition)  its  velocity  will  be  double  the  velocity 
of  the  weight ;  as  may  be  feen  by  putting  the 
cord  over  the  fixt  pulley  C  (which  only  changes 
the  direftion  of  the  power,  without  giving  any 
advantage  to  it)  and  hanging  on  the  weieht  P, 
which  is  equal  only  to  one  half  the  weight  ^5 
in  which  cafe  there  will  be  an  equilibrium,  and  a 
little  addition  to  P  will  caufe  it  to  defcend,  and 
raife  IV  through  a  fpace  equal  to  one  half  of  that 
through  which  P  dcfcends.— Hence,  the  advan- 
tage gained  will  be  always  equal  to  twice  the 
number  of  pulleys  in  the  moveable  or  undermoft 
block.     So  th^t,  when  the  upper  pr  fixt  block 
u  contains  two  pulleys,  which  only  turn  on  their 
axes,  and  the  lower  or  moveable  block  U  con- 
tains two  pulleys,  which  not  only  turn  upon  their 
^xes,  but  alfo  rife  with  the  block  and  weight; 
the  advantage  gained  by  this  is  as  4  to  the 
5  working 
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;  power.     Thus,  if  one  end  of  the  rope 

^  be  fixed  to  a  hook  at  /,  and  the  rope 

/er  the  pulleys  iVand  R^  and  under  the 

L  and  P,  and  has  a  weight  T^  of  one 

hung  to  its  other  end  at  T,  this  weight 

ance  and  fupport  a  weight  ff^  of  four 

hanging  by  a  hook  at  the  moveable 

\  allowing  the  faid  block  as  a  part  of  the 

And  if  as  much  more  power  be  added, 

ificient  to  overcome  the  friftion  of  the 

the  power  will  defcend  with  four  times 

1  velocity  as  the  weight  rifes,  and  confe- 

through  four  times  as  much  fpace. 

two  pulleys  in  the  fixed  block  X^  and 

I  in  the  moveable  block  Ty  are  in  the 

fe  with  thofe  lad  -  mentioned ;  and  thofe 

lower  block  give  th(^  fame  advantage  to 

^er. 

fyftem  of  pulleys  has  no  great  weight, 
in  a  fmall  compafs,  it  is  eafily  carried 
and  can  be  applied,  in  a  great  many 
'or  raifing  weights,  where  other  engines 
But  they  have  a  great  deal  of  fridion 
e  accounts  :    i.  Becaufe  the  diameters  of 
es  bear  a  very  confiderable  proportion  to 
wn  diameters ;  2.  Becaufe   in  working 
:  apt  to  rub  againft  one  another,  or  againft 
s  of  the  block ;  3.  Becaufe  of  the  ftiffnefs 
rope  that  goes  over  and  under  them. 
he  fourth  mechanical  power  is  the  in- The  in^ 
lane  and  the  advantage  gained  by  it  is  ^^j"^^ 
:  as  its  length  exceeds  its  perpendicular^''"'* 

Let  !/f  fi  be  a  plane  parallel  to  the  hori-  Plat.  VI. 
d  C  D  a  plane  inclined  to  it ;  and  fuppofc  ^'S-  '• 
Die  length  C  D  to  be  three  times  as  great 
perpendicular  height  GfF:  in  this  cafe, 
ndcr  E  will  be  fupported  upon  the  plane 

CD, 
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plane  C  B ;  and,  in  chat  diredion,  Bxed  to  a  hook 
in  the  wall ;  which  will  fupport  the  cylinder,  and 
keep  it  from  rolling  off  the  plane.  Let  one  end 
of  the  line  /7  be  ried  to  a  hook  at  C  in  the  ma- 
chine, and  the  other  end  to  a  weight  X,  fome- 
what  lefs  than  that  which  drew  the  cylinder  up 
the  plane  before.  If  this  line  be  put  over  the 
fixed  pulley  /,  the  weight  K  will  draw  the  ma- 
chine along  the  horizontal  plane  L^  and  under 
the  cylinder  F:  and  when  the  machine  has  been 
drawn  a  little  more  than  the  whole  length  CA^ 
the  cylinder  will  be  raifed  to  rf,  equal  to  the  per- 
pendicular height  AB  above  the  horizontal  part 
at  A.  The  reafon  why  the  machine  muft  be 
drawn  further  than  the  whole  length  C.^  is,  be- 
caufc  the  weight  F  rifes  perpendicular  to  C  B. 

To  the  inclined  plane  may  be  reduced  all 
hatchets,  chilels,  and  other  edge-tools  which 
are  chamfered  only  on  one  fide. 

The  5,  The  fifth  mechanical  powei*  or  machine  is 

^^^^-  the  wedge^  which  may  be  confidered  as  two 
equally  inclined  planes  D  E  F  and  C  E  F^  joined 

Fig-  8.  together  at  their  bafes  e  E  FO:  then  D  C  is  the 
whole  thicknefs  of  the  wedge  at  its  back  ABCD^ 
where  the  power  is  applied  :  £  F  is  the  depth  or 
heighth  of  the  wedge  :  D  F  the  length  of  one  of 
its  fides,  equal  to  C  F  the  length  of  the  other 
fide  ;  and  O  F  is  its  fharp  edge,  which  is  entered 
into  the  wood  intended  to  be  fplic  by  the  force 
of  a  hammer  or  mallet  ftriking  perpendicularly 
on  its  back.     Thus,  ylBb  '\%  z  wedge  driven 

Fig.  9.     into  the  cleft  C DE  of  the  wood  FG. 

When  the  wood  does  not  cleave  at  any  dif- 
tance  before  the  wedge,  there  will  be  an  equi- 
librium between  the  power  impelling  the  wedge 
downward,  and  the  rcfiftance  of  the  wood  adt- 
ing  againft  the  two  fides  of  the  wedge  when  the 
power  is  to  the  refiltance,  as  half  the  thicknefs 

of 
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of  the  wedge  at  its  back  is  to  the  length  of  either 
of  its  fides ;  bccaufe  the  refiilance  then  ads  per- 
pendicular to  the  fides  of  the  wedge.  But,  when 
the  refiftance  on  each  fide  a£ts  parallel  ro  the 
back,  the  power  that  balances  the  refiftances  on 
both  fides  will  be  as  the  length  of  the  whole 
back  of  the  wedge  is  to  double  its  perpendicu- 
lar height. 

When  the  wood  cleaves  at  any  difiance  before 
the  wedge  (as  it  generally  docs)  the  power  im- 
pelling the  wedge  will  not  be  to  the  refiftance  of 
the  wood,  as  the  length  of  the  back  of  the  wedge 
is  to  the  length  of  both  its  fides ;  but  as  half 
the  length  of  the  back  is  to  the  length  of  either 
fide  of  the  cleft,  cftimatcd  from  the  top  or  afting 
part  of  the  wedge.  For,  if  we  fuppofe  the  wedge 
to  be  lengthened  down  from  b  to  the  bottom  of 
the  cleft  at  £,  the  fame  proportion  will  hold ; 
namely,  that  the  power  will  be  to  the  refiftance, 
as  half  the  length  of  the  back  of  the  wedge  is  to 
the  length  of  either  of  its  fides :  or,  which 
amounts  to  the  fame  thing,  as  the  whole  length 
of  the  back  is  to  the  length  of  both  the  fides. 

In  order  to  prove  what  is  here  advanced  con- 
cerning the  wedge,  let  us  fuppofe  the  wedge  to 
be  divided  lengthwife  into  two  equal  parts  ;  and 
then  it  will  become  two  equal  inclined  planes  \ 
one  of  which,  sis  a  b  c^  may  be  made  ufe  of  as  a  Fig.  7: 
half  wedge  for  feparating  the  moulding  c  d  from 
the  wainfcot  j1  B.  It  is  evident,  that  when  this 
half  wedge  has  been  driven  its  whole  length  a  c 
between  the  wainfcot  and  moulding,  its  fide  a  c 
will  be  at  ^^;  and  the  moulding  will  be  fcpa- 
rated  10  f  g  from  the  wainfcot.  Now,  from  what 
has  been  already  proved  of  the  inclined  plane,  it 
appears,  that  to  have  an  equilibrium  between  the 
power  impelling  the  half  wedge,  and  the  refift- 
ance of  the  moulding,  the  former  muft  be  to  the 

latter. 


fi^  Of  the  mechdmal  Powers. 

letter,  ^,%abtoac\  that  is,  as  the  thicknefs  of  tlie! 
back  which  receives  the  ftrokc  is  to  the  length 
of  the  fide  againft  which  the  moulding  aft&. 
Therefore,  fince  the  power  upon  the  half  wedge 
is  to  the  refiftance  againft  its  (ide,  as  the  half 
back  /I  ^  is  to  the  whole  fide  a  r,  it  is  plain,  that 
the  power  upon  which  the  whole  wedge  (where 
the  whole  back  is  double  the  half  back)  muft  be 
to  the  refiftance  againft  both  its  fides,  as  the 
thicknefs  of  the  whole  back  is  to  the  length  of 
both  the  fides ;  fuppofing  the  wedge  at  the  bot- 
tom of  the  cleft :  or  as  the  thicknefs  of  the  whole 
back  to  the  length  of  both  fides  of  the  cleft, 
when  the  wood  fplits  at  any  diftance  before  the 
wedge.  For,  when  the  wedge  is  driven  quite 
into  the  wood,  and  the  wood  fplits  at  ever  fo 
fmall  a  diftance  before  its  edge,  the  top  of  the 
wedge  then  becomes  the  afting  part,  becaufe  the 
wood  docs  not  touch  it  any  where  elfe.  And 
fince  the  bottom  of  the  cleft  muft  be  confidered 
as  that  part  where  the  whole  ftickage  or  refiftance 
is  accumulated,  it  is  plain,  from  the  nature  of 
the  lever,  th.it  the  farther  the  power  afts  from 
the  refiftance,  the  grc*it<.  r  is  the  advantage. 

Some  writers  have  advanced,  that  the  power 
of  the  wedge  is  to  the  refiftance  to  be  overcome, 
as  the  thicknefs  of  the  back  of  the  wedge  is  to 
the  length  only  of  one  of  its  fides ;  which  feems 
very  ftrange :  for,  if  we  fuppofe  yf  jB  to  be  a 
Fig.  lo.  ftrong  inflexible  bar  of  wood  or  iron  fixt  into  the 
ground  ar  Cfi,  and  D  and  il  to  be  two  blocks  of 
marble  lying  on  the  ground  on  oppofite  fides  of 
the  bar ;  it  is  evident  that  the  block  B  may  be 
feparated  f;om  the  bar  to  the  diftance  d^  equal  to 
ab^  bv  driving  the  inclined  plane  or  half  wedge 
abo  down  between  them  -,  and  the  block  E  may 
be  feparaied  to  an  equal  diftance  on  the  other 
fide,  in  like  manner,  by  the  half  wedge  c do. 

But 
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But  the  power  impelling  each  half  wedge  will  be 
to  the  refiftance  of  the  blpck  againft  its  fide,  as 
the  thicknefs  of  that  half  wedge  is  to  its  perpen- 
dicular height,  becaufe  the  block  will  be  driven 
off  perpendicular  to  the  fide  of  the  bar  AB. 
Therefore  the  power  to  drive  both  the  half  , 
wedges  is  to  both  the  refiftances,  as  both  the 
half  backs  is  to  the  perpendicular  height  of  each 
half  wedge.  And  if  the  bar  be  taken  away,  the 
blocks  put  clofe  together,  and  the  two  half 
wedges  joined  to  make  one;  it  will  require  as 
much  force  to  drive  it  down  between  the  blocks^ 
as  is  equal  to  the  fum  of  the  feparate  powers 
ading  upon  the  half  wedges  when  the  bar  was 
between  them. 

.  To  confirm  this  by  an  experiment,  let  two  Fig.  ii« 
cylinders,  as  AB  and  CI>y  be  drawn  towards  one 
another  by  lines  running  over  fixed  pulleys,  and 
a  weight  of  40  ounces  hanging  at  the  lines  be- 
longing to  each  cylinder :  and  let  a  wedge  of 
40  ounces  weight,having  its  back  juft  as  thick  as 
cither  of  its  fides  is  long,  be  put  between  the 
cylinders,  which  will  then  adl  againft  each  fido 
with  a  refiftance  equal  to  40  ounces,  whilft  its 
own  weight  endeavours  to  bring  it  down  and 
feparate  them.*  And  here,  the  power  of  the 
wedge's  gravity  impelling  it  downward,  will  be 
to  the  refiftance  of  both  the  cylinders  againft  the 
wedge,  as  the  thicknefs  of  the  wedge  is  to  double 
its  perpendicular  height  -,  for  there  will  then  be 
an  equilibrium  between  the  weight  of  the  wedge 
and  the  refiftance  of  the  cylinders  againft  it,  and 
it  will  remain  at  any  height  between  them  -,  re- 
quiring juft  as  much  power  to  pufli  it  upward 
as  to  pull  it  downward. — If  another  wedge  of 
equal  weight  and  depth  with  this,  and  only  half 
as  thick,  be  put  between  the  cylinders,  it  will 
require  twice  as  much  weight  to  be  hung  at  the 

ends 
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ends  of  the  lines  which  draw  them  together,  to 
keep  the  wedge  from  going  down  between  them. 
That  is,  a  wedge  of  40  ounces,  whofe  back  is 
only  equal  to  half  its  perpendicular  height,  will 
require  80  ounces  to  each  cylinder,  to  keep  it  in 
an  equilibrium  between  them :  and  twice  80  is 
160,  equal  to  four  times  40.  So  that  the  power 
will  be  always  to  the  refiftance,  as  the  thicknefs 
of  the  back  of  the  wedge  is  to  twice  its  perpen- 
dicular height,  when  the  cylinders  move  off  in 
a  line  at  right  angles  to  that  perpendicular. 

The  beft  way,  though  perhaps  not  the  neateft, 
that  I  know  of,  for  making  a  wedge  with  its 
appurtenances  for  fuch  experiments,  is  as  fol- 
Fig.  II.  lows.  Let  KILM  and  LMNO  be  two  flat 
pieces  of  wood,  each  about  fifteen  inches  long 
and  three  or  four  in  breadth,  joined  together  by 
a  hinge  at  L  Mi  and  let  P  be  a  graduated  arch 
of  brafs,  on  which  the  faid  pieces  of  wood  may 
be  opened  to  any  angle  not  more  than  60  degrees, 
and  then  fixt  at  the  given  angle  by  means  of 
the  two  fcrews  a  and  b.  Then,  IK  NO  will 
reprefent  the  back  of  the  wedge,  L  M  its  (harp 
edge  which  enters  the  wood,  and  the  outfides  of 
the  pieces  KILM  and  LMNO  the  two  fides  of 
the  wedge  againft  which  the  wood  a£ts  in  cleav- 
ing. By  means  of  the  faid  arch,  the  wedge  may 
be  opened  fo,  as  to  adjuft  the  thicknefs  of  its 
back  in  any  proportion  to  the  length  of  either  of 
its  fides,  but  not  to  exceed  that  length :  and  any 
weight  as  p  may  be  hung  to  the  wedge  upon  the 
hook  Af,  which  weight,  together  with  the  weight 
of  the  wedge  iifclf,  may  be  confidered  as  the 
impelling  power;  which  is  all  the  fame  in  the  ex- 
periment, whether  it  be  laid  upon  the  back  of 
the  wedge,  to  pufh  ic  down,  or  hung  to  its  edge  to 
pull  it  down, — Let  jiB  and  CD  be  two  wooden 
cylinders,  each  about  two  inches  thick,  where 

they 
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tiiey  touch  the  dUtfldes  of  the  wedge ;  and  let 
their  ends  be  made  like  two  rbund  flat  plates,  to 
keep  the  wedge  from  flipping  oflFedgewife  from 
between  them.  Let  a  fmall  cord  with  a  loop  on 
one  end  of  it,  go  over  a  pivot  in  the  end  of  each 
cylinder,  and  the  cords  S  and  7*  belonging  to  the 
cylinder  y^fi  goover  the  fixt  pulleys^  and  Jf,  and 
be  fafl:ened  at  their  other  ends  to  the  bar  wx^on 
which  any  weight  its  Z  may  be  hung  at  pleafure. 
In  like  manner^  lei  the  cords  ^and  R  belonging 
to  the cylinderCZ)  goover  the  fixr  pulleys  ^andJ7 
to  the  bar  vujon  which  a  weight /'equal  to  Z  may 
be  hung.  1  hcfe  weights,  by  drawing  thecylin* 
ders  towards  one  another,  may  be  confldered  as 
ihe  reflftance  of  the  wood  ading  equally  againfl: 
oppoflte  fldes  of  the  wedge  -,  the  cylinders  them-^ 
ielves  being  fufpended  near,  and  parallel  to  each 
other,  by  their  pivots  in  loops  on  the  lines 
£,F,G,// ;  which  lines  may  be  fixed  to  hooks  in 
the  ceiling  of  the  room.  The  longer  thefe  lines 
are,  the  better-,  and  they  fl^ould  never  be  lefs  than 
four  feet  each.  The  farther  alfo  the  pulleys 
FyU  and  XyfF  are  from  the  cylinders,  the  truer 
will  the  experiments  be :  and  they  may  turn 
upon  pins  fixed  into  the  wall. 

In  this  machine,  the  weights  7* and  Z,  and  the 
weight  p,  may  be  varied  at  pleafure^  fo  as  to  be 
adjufted  in  proportion  of  double  the  wedge*s  per- 
pendicular height  to  the  thicknefs  of  its  back  : 
and  when  they  are  fo  adjufted,  the  wedge  will  be 
in  equilibrio  with  the  reflftance  of  the  cylinders. 

1  he  wedge  is  a  very  great  mechanical  power, 
fince  not  only  wood  but  even  rocks  can  be  fplit 
by  if,  which  would  be  impoflfible  to  eflfeft  by  the 
lever,  wheel  and  axle,  or  pulley :  for  the  force 
of  the  blow,  or  ftroke,  fliakes  the  cohering  parts, 
and  thereby  makes  themfeparate  the  moreeafily,  . 
F  6.  The 
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The  6-  The  fixth  and  laft  mcchanica!  power  is  th^ 

JcTiw.  /crew  I  which  cannot  properlj^  be  called  a  fimple 
machine^  bccayfc  it  is  never  ufed  without  the 
application  of  a  lever  or  winch  to  afTift  in  turn^ 
ing  it :  and  then  it  becomes  a  compound  engine 
of  a  very  great  force  either  in  preffing  the  parts 
of  bodies  clofer  together,  or  in  railing  great 
weights.  It  may  be  conceived  to  be  made  by 
Fig.  iSf  cutting  a  piece  of  paper  ABC  (Fig.  12.)  into 
13*  the  form  01  an  inclined  plane  or  half  wedge,  and 

then  wrapping  it  round  a  cylinder  JB  (Fig.  13). 
And  here  it  is  evident,  that  the  winch  £ 
muft  turn  the  cylinder  once  round  before  the 
weight  of  refiftance  D  can  be  moved  from  one 
ibiral  winding  to  another,  as  from  i  to  c:  there- 
fore, as  much  as  the  circumference  of  a  circle 
defcribed  by  the  handle  of  the  winch  is  greater 
than  the  interval  ordinance  between  the  fpirals,fo 
much  is  the  force  of  the  fcrcw.  Thus,  fuppofing 
the  diftance  between  thefpirals  to  be  half  an  inch, 
and  the  length  of  the  winch  to  be  twelve  inches; 
the  circle  defcribed  by  the  handle  of  the  winch 
where  the  power  ads  will  be  y6  inches  nearly,  or 
about  152  half  inches,  and  confequently  152  times 
as  great  as  the  diftance  between  the  fpirals :  and 
therefore  a  power  at  the  handle,  whofe  intenfity 
is  equal  to  no  more  than  a  fingle  pound,  will  ba- 
lance 152  pounds  afling  againft  the  fcrew;  and 
as  much  additional  force,  as  is  fufficient  to  over- 
come the  fri^lion,  will  raifethe  152  pounds;  and 
the  velocity  of  the  power  will  be  to  the  velocity 
of  the  weight,  as  152  to  1.  Hence  it  appears, 
that  the  longer  the  winch  is,  and  the  nearer 
the  fpirals  are  to  one  another,  fo  much  the 
greater  is  the  force  of  the  Icrew. 

A  machine  for  (hewing  the  force  or  power  of 
the  fcrew  may  be  contrived  in  the  following 

manner 
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tnlnner.  Let  the  wheel  C  have  a  fcrew  4  *  on  pig.  j^ 
its  axis,  working  in  the  teeth  of  the  wheel  D, 
which  fuppofe  to  be  48  in  number.  It  is  plaiii, 
that  for  every  time  the  wheel  C  and  fcrew  11  ^  are 
turned  round  by  the  Winch  A^  the  wheel  D  will 
be  moved  one  tooth  by  the  fcre^  \  and  there* 
fore,  in  48  revolutions  of  the  winch,  the  wheel 
2)  will  be  turned  once  round.  Then,  if  the  cir* 
cumference  of  a  circle  deicribed  by  the  handle  of 
the  winch  A  be  equal  to  the  ctronnfefence  of  • 
groove  e  round  the  wheel  Z>,  the  velocity  of  the 
handle  will  be  48  rimes  as  great  as  the  veloctt]^ 
of  any  given  point  in  the  groove,  Confequently^ 
if  a  line  G  (above  number  48)  goes  round  the 
groove  ^,  and  has  a  weight  of  48  pounds  hudg 
to  it  below  the  pedeftal  £  F,  a  power  equal  td 
one  pound  at  the  handle  will  balance  and  fuppore 
the  weight. — ^To  prove  this  by  expcrirnent,  let 
the  circumferences  of  the  grooves  of  the  wheels 
C  and  D  be  equal  to  one  another ;  and  then  if 
a  weight  H  of  one  pound  be  fufpended  by  a  limt 
going  round  the  groove  of  the  wheel  C,  it  wiH 
balance  a  weight  of  48  pounds  hanging  by  thd 
line  G  \  and  a  fmall  addition  to  the  weight  H . 
will  caufc  it  todeicend',  andfo  raife  up  the  other 
weight. 

If  the  line  G,  inftead  oi  going  i'dund  the 
groove  i  of  the  wheel  £>^  goes  round  its  axle  /; 
the  power  of  the  machine  will  be  as  much  in* 
created,  as  the  circumference  of  the  groove  i 
citceeds  the  circumference  of  the  axle :  which^ 
fuppofing  it  to  be  fix  times,  then  one  pound  ac 
//will  balance  6  times  48,  or  288  pounds  hung 
to  the  line  on  the  axle:  and  hence  the  power  or 
advantage  <^  this  machine  will  be  as  288  to  i. 
That  is  to  fay,  a  man,  who  by  his  natufd 
jfbength  could  lift  an  hundred  weight,  will  be 
F  a  able 
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able  to  raife  288  hundred,  or  14:^-  ton  weight 
by  this  engine. 

But  the  following  engine  is  ftill  more  power- 
ful,  on  account  of  its  having  the  addition  of 
four  pulleys :  and  in  it  we  may  look  upon  all 
the  mechanical  powers  as  combined  together, 
Plate  VII.  ^^^^  i^  ^^  ^^^  ii^  ^^^  balance.    For,  as  the  axis 
Fig.  I.      D  of  the  bar  AB  is  in  its  middle  at  C,  it  is  plain 
that  if  equal  weights  are  fufpended  upon  any  two 
A  coimbi.  pins  equi-diftant  from  the  axis  C,  they  will  coun- 
Bttionof  terpoile  each  other. — It  becomes  a  lever  by 
mecha-     hanging  a  fmall  weight  P  upon  the  pin  n^  and  a 
aical        weight  as  much  heavier  upon  either  of  the  pins 
powers,     h^  r,  d^  e^  or/,  as  is  in  proportion  to  the  pins  be- 
ing fo  much  nearer  the  axis.     The  wheel  and 
axle  FG  i^  evident;  fo  is  the  fcrew  E  which 
takes  in  the  inclined  plane,  and  with  it  the  half 
wedge.   Part  of  a  cord  goes  round  the  axle,  the 
reft  under  the  lower  pulleys  K^  m,  over  the  upper 
pulleys  £,  »,  and  then  it  is  tied  to  a  hook  at  01 
in  the  lower  or  moveable  block,  on  which  the 
weight  IV  hangs. 

In  this  machine,  if  the  wheel  F  has  30  teeth^ 
it  will  be  turned  once  round  in  thirty  revo* 
lutions  of  the  bar  AB^  which  is  fixt  on  the 
axis  D  of  the  fcrew  E:  if  the  length  of  the  bar 
is  equal  to  twice  the  diameter  of  the  wheel,  the 
pins  a  and  n  at  the  ends  of  the  bar  will  move  60 
times  as  faft  as  the  teeth  of  the  wheel  do :  and 
confequently,  one  ounce  at  P  will  balance  60 
ounces  hung  upon  a  tooth  at  q  in  the  horizontal 
diameter  of  the  wheel.  Then,  if  the  diameter  of 
the  wheel  F  is  ten  times  as  great  as  the  diameter 
of  the  axle  G,  the  wheel  will  have  lo  times  the 
velocity  of  the  axle ;  and  therefore  one  ounce  P 
at  the  end  of  the  lever  AC  will  balance  lo  times 
60  or  600  ounces  hung  to  the  rope  H  which  goes 

round 
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round  the  asde.  Laftly,  if  four  pulleys  be  added, 
they  will  make  the  velocity  of  the  lower  block 
X,  and  weight  W^  four  times  le(s  than  (he  velo- 
city of  the  axle :  and  this  being  the  laft  power 
in  the  machine,  which  is  four  times  as  great  as 
that  gained  by  the  axle,  it  makes  the  wholp 
power  of  the  machine  4  time3  600,  or  2400. 
So  that  a  man  who  could  lift  one  hundred  weight 
in  his  arms  by  his  natural  ftrength,  would  be 
able  to  raife  2400  times  as  much  by  this  en* 
gine. — But  it  is  here  as  in  all  other  mechanical 
cafes }  for  the  time  loft  is  always  as  much  as  the 
power  gained,  becaufe  the  velocity  with  which 
the  power  moves  will  ever  exceed  the  velocity 
with  which  the  weight  rifes,  as  much  as  the  in- 
tenfity  of  the  weight  exceeds  the  intcnfity  of  the 
power. 

The  fridlion  of  the  fcrew  itfelf  is  very  conli- 
derable  •,  and  there  are  few  compound  en* 
gines,  but  what,  upon  account  of  the  friftion  of 
the  parts  againft  one  another,  will  require  a  third 
part  more  of  power  to  work  them  when  loaded, 
than  what  is  fufficient  to  conftitute  a  balance 
bjctween  the  weight  and  the  power. 

L  E  C  T.    IV. 

Of  mills^  cranes^  wbeeUcarria^esy  and  the  engiffi 
for  driving  piles. 

AS  thefe  engines  arc  fo  univerfally  ufeful, 
it  would  be  needlefs  to  make  any  apo* 
logy  for  defcribing  them. 

In  a  common  breaft  mill^  where  the  fall  ofPl«teVII. 
water  may  be  about  ten  feet,  ^  -^  is  the  great  Fig.  2. 
wheel,  which  is  generally  about  17  or  18  feet  in  .  ,^_ 
t  3  diameter,  njon  mill. 


diameter,  reckoned  from  the  outermoft  edge  of 
any  float  board  at  a  to  that  of  its  dppofite  float  at 
h.  To  this^whccl  the  water  is  conveyed  through 
a  channel,  and  by  falling  upon  the  wheel,  tum^ 
it  round. 

On  the  axis  B  B  of  this  whpel,  and  within  the 
mill  houfe,  is  a  wheel  D,  about  8  or  9  feet  dia- 
fneter,  having  61  cogs^  which  turn  a  trundle  E 
containing  ten  upright  ftayes  or  rounds  \  and 
when  thefe  are  the  number  of  cogs  and  rounds:, 
the  trundle  will  make  6^^  revolutions  for  one 
revolution  of  the  wheel. 

The  trundle  is  fixt  upon  a  ftrong  iron  axis 
called  the  fpindle,  the  lower  end  of  which  turns  in 
a  brafs  foot,  fixt  at  F,  in  the  horizontal  beam  ST 
called  the  bridge-tree-,  and  the  upper  part  of  the 
fpindle  turns  in  a  wooden  bu(h  fixt  into  the  nether 
millftone  which  lies  upon  beams  in  the  floor  TT. 
The  top  part  of  the  fpindle  above  the  bu(h  is 
fquare,  and  goes  into  a  fquare  hole  in  a  (Irong  iron 
crofs  abcd^  (fee  Fig.  3.)  called  the  rynd  •,  under 
which,  anci  clofe  to  the  bufh,  is  a  round  piece  of 
thick  leather  upon  the  fpindle,  which  it  turns 
round  at  the  fame  time  as  it  does  the  rynd. 

The  rynd  is  let  into  grooves  in  the  under  fur- 
face  of  the  running  millftone  G  (Fig.  2.)  and  fo 
turns  it  round  in  the  fame  time  that  the  trundle  E 
IS  turned  round  by  the  cog-wheel  D.  This  mill- 
ftone has  a  large  hole  quite  through  its  middle, 
called  the  eye  of  the  ftone,  through  which  the 
middle  part  of  the  rynd  and  upper  end  of  the 
fpindle  may  be  feen  i  whilft  the  four  ends  of  the 
^nd  lie  hid  below  the  ftone  in  their  grooves. 

The  end  T  of  the  bridge-tree  TS  (which  fup- 
ports  the  upper  millftone  G  upon  the  fpindle)  is 
fixed  into  a  hole  in  the  wall;  and  the  end  S  is  let 
into  a  beam  ^R  called  the  brayer,  whofc  end  R 

remains 
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remains  fixt  in  a  mortife :  and  its  other  end  i^ 
hangs  by  a  ftrong  iron  rod  P  which  goes  through 
the  floor  TTj  and  has  a  fcrew-nut  on  its  top  at 
0\  by  the  turning,  of  which  nut,  the  end  ^of 
the  brayer  is  raifed  or  deprefled  at  pleafure;  and  * 
confequently  the  bridge-tree  TS  and  upper  mill- 
ftone.  By  this  means,  the  upper  millftone  may 
be  fet  as  clofe  to  the  under  one,  or  raifed  as  hign 
froni  ir,  as  the  miller  pleafes.  The  nearer  the 
millftones  are  to  one  another,  the  finer  they  grind 
the  corn,  and  the  more  remote  from  one  another, 
the  coarfer. 

The  upper  millftone  G  is  inclofed  in  a  round 
box  H,  which  does  not  touch  it  any  where ;  and 
is  about  an  inch  diftant  from  its  edge  all  around. 
On  the  top  of  this  box  ftands  a  frame  for  hold- 
ing the  hopper  k  kj  to  which  is  hung  the  (hoe  / 
by  two  lines  faftened  to  the  hind-part  of  it,  fixed 
upon  hooks  in  the  hopper,  and  by  one  end  of 
the  crook-ftring  K  faftened  to  the  fore-part  of  ic 
M  I;  the  other  end  being  twifted  round  the  pin  L. 
As  the  pin  is  turned  one  way,  the  ftring  draws 
up  the  (hoe  clofer  to  the  hopper,  and  fo  kflens 
the  aperture  between  them;  and  as  the  pin  ia 
turned  the  other  way,  it  lets  down  the  (hoe,  and 
enlarges  the  aperture. 

If  the  (hoe  be  drawn  up  quite  to  the  hopper, 
no  corn  can  fall  from  the  hopper  into  the  mill ; 
if  it  be  let  a  little  down,  fome  will  fall :  and  the 

Quantity  will  be  more  or  lefs,  according  as  the 
loe  is  more  or  lefs  let  down.  For  the  hopper  is 
open  at  bottom,  and  there  is  a  hole  in  the  bottom 
of  the  (hoe,  not  directly  under  the  bottom  of  the 
hopper,  but  forwarder  towards  the  end  /,  over 
ttfc  middle  of  the  eye  of  the  millftone. 

There  is  afquare  hole  in  the  top  of  the  fpindle,  p. 
In  which  is  put  the  feeder  e :  this  feeder  (as, the 
F  4  fpindle 
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fpindle  turns  round)  jogs  the  (hoe  three  times  Ib 
each  revolution,  and  fo  caufes  the  corn  to  ruB 
conftantly  down  from  the  hopperthroughthelhoei 
into  the  eye  of  the  millftonc,  where  it  falls  upon 
the  top  of  the  rynd,  and  is,  by  the  motion  of  the 
rynd,  and  the  leather  under  it,  thrown  below  the 
upper  (lone,  and  ground  between  it  and  the 
lower  one.  The  violent  motion  of  the  ftone 
creates  a  centrifugal  force  in  the  corp  going 
round  with  it,  by  which  means  it  gets  farther  and 
farther  from  the  center,  as  in  a  fpiral,  in  every 
revolution,  until  it  be  thrown  quite  out  %  aod« 
being  then  ground,  it  falls  through  a  fpout  M 
called  the  mill-eye,  into  the  trough  N. 

When  the  mill  is  fed  too  fall,  the  corn  bears 
up  the  ftone,  and  is  ground  too  coarfe }  and  bei- 
fides,  it  clogs  the  mill  fo  as  to  make  it  go  too 
flow.  When  the  mill  is  too  flowly  fed,  it  goes 
too  faft,  and  the  ftones  by  their  attrition  are  apt 
to  ftrike  fire  againft  one  another.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  L 
backwards  or  forwards,  which  draws  up  or  lets 
down  the  fhoe ;  and  fo  regulates  the  feeding  as 
the  miller  fees  convenient. 

The  heavier  the  running  millftone  is,  and  the 
greater  the  quantity  of  water  that  falls  upon  the 
wheel,  fo  much  the  fafter  will  the  mill  bear  to  be 
fed  *,  and  confcquently  fo  much  the  more  it  will 

grind.  And  on  the  contrary,  the  lighter  the 
one,  and  the  lefs  the  quantity  of  water,  fo  much 
flower  muft  the  feeding  be.  But  when  the  ftone 
is  confiderably  wore,  and  become  light,  the  mill 
muft  be  fed  flowly  at  any  rate  *,  otherwife  the 
(tone  will  be  too  much  born  up  by  the  corn 
under  it,  which  will  make  the  meal  coarfe.     * 

The  quantity  of  power  required  to  turn  a 
Jic^yy  millftonc  j$  byt  very  little  more  than  what 
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fs  fuffidenc  to  turn  a  light  one:  for  as  it  is  fup« 
ported  upon  the  fpindle  by  the  bridge-tree  S  T^ 
and  the  end  of  the  fpindle  that  turns  in  the  brafs 
foot  therein  being  but  fmaU,  the  odds  arifing 
from  the  weight  is  but  very  inconfiderable  in  its 
tftion  againft  the  power  or  force  of  the  water. 
And  befides,  a  heavy  ftone  has  the  fame  advan- 
tage as  a  heavy  fly ;  namely,  that  it  regulates 
the  motion  much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  corn,  both  the 
upper  and  under  millftones  have  channels  or 
furrows  cut  into  them,  proceeding  obliquely  from 
the  ceritertowards  the  circumference.  And  thefe 
furrows  are  cut  perpendicularly  on  one  fide  and 
obliquely  on  the  other  into  the  ftone,  which 
gives  each  furrow  a  (harp  edge,  and  in  the  two 
ftones  they  come,  as  it  were,  againft  one  ano- 
ther like  the  edges  of  a  pair  of  fcifiars  :  and  fo 
cut  the  corn^  to  make  it  grind  the  eafier  when  it 
falls  upon  the  places  between  the  furrows. 
Thefe  are  cut  the  fame  way  in  both  ftones  when 
they  lie  upon  their  backs,  which  makes  them  run 
crofs  ways  to  each  other  when  the  upper  ftone  is 
inverted  by  turning  its  furrowed  furface  towards 
that  of  the  lower.  For,  if  the  furrows  of  both 
ftones  lay  the  fame  way,  a  great  deal  of  the  corn 
would  be  driven  onward  in  the  lower  furrows, 
and  fo  come  out  from  between  the  ftones  with- 
out being  either  cut  or  bruifed. 

When  the  furrows  become  blunt  and  (hallow 
by  wearing,  the  running  ftone  muft  be  taken 
up,  and  both  ftones  new  dreft  with  a  chifel  and 
hammer.  And  every  time  the  ftone  is  taken  up, 
there  muft  be  fome  tallow  put  round  the  fpindle 
upon  the  bu(h,  which  will  foon  be  melted  by 
the  heat  the  fpindle  acquires  from  its  turning 
and  rubbing  againft  the  bu(h,  and  lb  will  gee  in 

betwixt 
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betwixt  them :  otherwife  the  bufh  would  takf 
fire  in  a  very  little  time. 

The  bufh  mud  embrace  the  fpindle  ^luite 
clofe,  to  prevent  any  (hake  in  the  motion^  which 
would  make  fome  parts  of  the  (tones  grate  and 
fire  againft  each  other  \  whilft  other  parts  of 
them  would  be  too  far  afunder^  and  by  that 
means  fpoil  the  meal  in  grinding. 

Whenever  the  fpindle  wears  the  bufli  fo  as  to 
begin  to  jQiake  in  it,  the  ftone  muft  be  taken  up, 
and  a  chifel  drove  into  feveral  parts  .of  the  bu(h$ 
^nd  when  it  is  taken  out,  wooden  wedges  muft  be 
driven  into  the  holes;  by  which  means  the  bufh 
will  be  made  to  embrace  the  fpbdle  clofe  all 
around  it  again.  In  doing  this,  great  care  muft 
be  taken  to  drive  equal  wedges  into  the  bufh  on 
oppofite  fides  of  the  fpindle;  otherwife  it  will 
be  thrown  out  of  the  perpendicular,  and  fo  hin- 
der  the  upper  ftone  from  being  fet  parallel  to  the 
,  under  one,  which  is  abfolutely  neceflary  for  mak- 
ing good  work.  When  any  accident  of  this 
kind  happens,  the  perpendicular  pofition  of  tho 
fpindle  muft  be  reftored  by  adjulling  the  bridge- 
tree  5  T*  by  proper  wedges  put  between  it  Mid 
the  brayer  ^R. 

It  often  happens,  that  the  rynd  is  a  little 
wrenched  in  laying  down  the  upper  ftone  upon 
it ;  or  is  made  to  fink  a  little  lower  upon  one 
fide  of  the  fpindle  than  on  the  other  \  and  this 
will  caufe  one  edge  of  the  upper  ftone  to  drag 
all  around  upon  the  other,  whilft  the  oppofite 
edge  will  not  touch.  But  this  is  eafily  fet  to 
rights,  by  raifing  the  ftone  a  little  with  a  Iever» 
and  putting  bits  of  paper,  cards  or  thin  chips, 
between  the  rynd  and  the  ftone. 

The  diameter  of  the  upper  ftone  is  generally 
about  fix  feet,  the  lower  ftooe  about  ai^  inch 

more: 
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more :  aod  the  upper  done  when  oew  contains 
about  22j^  cube  feet,  which  weighs  fomewhat 
more  than  19000  pounds.  A  ftode  of  this  dia- 
oibcer  .ought  never  to  go  more  than  60  times 
round  in  a  minute  *,  for  if  it  turns  fafter,  it  will 
beat  the  meal. 

The  grinding  furfacc  of  the  under  done  is  a 
little  convex  from  the  edge  to  the  center,  and 
(hat  oiF  the  upper  (lone  a  little  more  concave :  fo 
that  they  are  farthcfl:  from  one  another  in  the 
poiddle,  and  come  gradually  nearer  towards  the 
edges.  By  this  means,  the  corn  at  its  Brft  en- 
trance between  the  ftones  is  only  bruifcd;  but  as 
it  goes  farther  on  towards  the  circumference  Or 
edge*  it  is  cut  fmaller  and  fmaller ;  and  at  laffc 
finely  ground  juft  before  it  comes  out  from  be- 
tween them. 

The  water-wheel  muft  not  be  too  large,  for 
if  it  be,  its  motion  will  be  too  flow ;  nor  too 
little,  for  then  it  will  want  power.  And  for  a 
mill  to  be  in  pcrfeftion,  the  floats  of  the  wheel 
ought  to  move  with  a  t];ilrd  part  of  the  velocity 
pf  the  water,  and  the  ftone  to  turn  round  once  in 
a  fecond  of  time. 

In  order  to  conftrufl:  a  mill  in  this  perfcdl 
manner,  obferve  the  following  rules : 

1.  Meafurc  the  perpendicular  height  of  the 
fall  of  water,  in  lect,  above  that  part  of  the 
wheel  pn  which  the  water  begins  to  afb ;  and 
pll  that,  the  height  of  the  fall. 

Z.  Multiply  this  conftant  number  64.2882  by 
the  height  of  the  tall  in  feet,  an  i  the  fquare  root 
of  the  produdt  fliall  be  the  velocity  of  the  water 
at  the  bottom  of  the  fall,  or  the  number  of  feet 
that  the  water  there  tnovcsper  fecond. 

3.  Divide  the  velocity  of  rhe  water  by  3,  and 
the  quotient  ftjall  be  the  velocity  of  the  float- 
boards  of  the  wheel  j  or  the  number  of  feet  they 

I  muft     - 
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muft  each  ,go  through  in  a  fecond,  when  the 
water  afts  upon  them  fo,  as  to  have  the  greateft 
|)0wcr  to  turn  the  mill. 

4..  Divide  the  circumference  of  the  wheel  in 
feet  by  the  velocity  of  its  floats  in  feet  per  fe- 
cond,  and  the  quotient  (hall  be  the  number  of 
feconds  in  which  the  wheel  turns  round. 

5.  By  this  laft  number  of  feconds  divide  60 ; 
^nd  the  quotient  (hall  be  the  number  of  turns 
of  the  wheel  in  a  minute. 

6.  Divide  60  (the  number  of  revolutions  the 
millftone  ought  to  have  in  a  minute)  by  the  num^r 
bcr  of  turns  of  the  wheel  in  a  minqte,  and  the 
quotient  (ball  be  the  number  of  turns  the  mill- 
ftone ought  to  have  for  one  turn  of  the  wheel. 

7.  Then,  as  the  number  of  turns  of  the  wheel 
jn  a  minute  is  to  the  number  of  turns  of  the 
millftone  in  a  minute,  fo  muft  the  number  of 
ftaves  in  the  trundle  be  to  the  number  of  cogs 
in  the  wheel,  in  the  neareft  whole  numbers  that 
can  be  found. 

By  thefe  rules  I  have  calculated  the  following 
table  to  a  water  wheel  1 8  feet  diameter,  which 
I  apprehend  may  be  a  good  fize  in  general. 

To  conftruft  a  mill  by  this  table,  find  the 
height  of  the  fall  of  water  in  the  firft  column,  and 
againft  that  height,  in  the  fixth  column,  you  have 
the  number  of  cogs  in  the  wheel,  and  ftaves  in  the 
trundle,  for  cau(ing  the  millftone  to  make  about 
60  revolutions  in  a  minute,  as  near  as  poffible, 
when  the  wheel  goes  with  a  third  partot  the  ve^ 
locity  of  the  water.  And  it  appears  by  the  7th 
column,  that  the  nuniber  of  cogs  in  the  wheel,  and 
ftaves  in  the  trundle,  are  fo  near  the  truth  for  the 
^q|uircd  purpofe,  that  the  Icaft  number  of  revo- 
lutions of  the  millftone  in  a  minute  is  between  59 
and  60,  gnd  the  greaeft  number  never  amounts 
to  61. 

The 
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Such  a  mill  as  this,  with  a  fall  of  water  about 
yi  feet,  will  require  about  32  hoglheads  every 
minute  to  turn  the  wheel  with  a  third  part  of  the 
velocity  with  which  the  water  falls ;  and  to 
overcome  the  refiftance  arifing  from  the  friAion 
of  the  gecrs  and  attrition  of  the  ftones  in  grind- 
ing the  corn. 

The  greater  fall  the  water  has,  the  Icfs  quan- 
tity of  it  will  ferve  to  turn  the  mill.  The  water 
is  kept  up  in  the  mill-dam,  and  let  out  by  a 
fluice  called  the  penftock,  when  the  mill  is  to  go. 
When  the  penftock  is  drawn  up  by  means  of  a 
lever,  it  opens  a  paflage  through  which  the  water 
flows  to  the  wheel :  and  when  the  mill  is  to'  be 
ilopt,  the  penftock  is  let  down,  which  (tops  the 
water  from  falling  upon  the  wheel. 

A  lefs  quantity  of  water  will  turn  an  ovcrlhot- 
mill  (where  the  wheel  has  buckets  inftead  of 
float- boards  J  than  a  breaft-mill  where  the  fall  of 
the  water  feldom  exceeds  half  the  height  Jk  of 
the  wheel.  So  that,  where  there  is  but  a  fmall 
quantity  of  water,  and  a  fall  great  enough  for  the 
wheel  to  lie  under  it,  the  bucket  (or  overfliot) 
wheel  is  always  ufed.  But  where  there  is  a  large 
body  of  water,  with  a  little  fall,  the  breaftor  float - 
board  wheel  muft  take  place.  Where  the  water 
runs  only  upon  a  little  declivity,  it  can  a£t  but 
flowly  upon  the  under  part  of  the  wheel  at  ^;  ini 
which  cafe,  the  motion  of  the  wheel  will  be  very 
flow :  and  therefore,  the  floats  ought  to  be  very 
long,  though  not  high,  that  a  large  body  of  water 
may  aft  upon  them  ;  fo  that  what  is  wanting  in 
velocity  may  be  made  up  in  power:  and  then  the 
cog-wheel  may  have  a  greater  number  of  cogs  in 
proportion  to  the  rounds  in  the  trundle,  in  order 
to  give  the  millftone  a  fufficient  degree  of  velocity* 

They  who  have  read  what  is  faid  in  the  fiiil 
lecture,  concerning  the  acceleration  of  bodies 

falling 
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falling  freely  by  the  power  of  gnvity  aahig 
confttfiltly  Md  uniformly  upon  them^  may  per- 
haps aflc.  Why  (hpuld  the  motion  of  the  wheel  bc- 
equable,  and  not  accelerated,  feeing  the  water  adls 
conllantly  and  uniformly  upon  it  ?  The  plain 
anfwer  iS|  That  the  velocity  of  the  wheel  can 
never  be  fo  great  as  the  velocity  of  the  water 
that  turns  it ;  for,  if  it  (hould  become  fo  great, 
the  power  of  the  water  would  be  quite  loft  upon 
the  wheel,  and  then  there  would  he  no  proper 
force  to  overcome  the  friftion  of  the  gecrs  and 
attrition  of  the  Hones.  Therefore,  the  velocity 
with  which  the  wheel  begins  to  move,  will  in- 
creafe  no  longer  than  till  its  momentum  or  force 
is  balanced  by  the  rcfiftance  of  the  working 
parts  of  the  mill  -,  and  then  the  wheel  will  go 
on  with  an  equable  motion. 

[If  the  cog-wheel  D  be  made  about  1 8  inches  A  Ifand^ 
diameter,  with  30  cogs  ^he  trundle  as  fmall  in  «"*^^* 
proportion,  with  10  (laves,  and  the  millftones  be 
each  about  two  feet  in  diameter,  and  the  whole 
worirbe  put  into  a  ftrong  frame  of  wood,  as  rc- 
prefemea  in  the  figure,  the  engine  will  be  a  hand- 
mill  for  grinding  corn  or  malt  in  private  hmu 
lies.  And  then,  it  may  be  turned  by  a  winch 
inftead  of  the  wheel  J  J:  the  millftone  making 
three  revolutions  for  every  one  of  the  winch. 
If  a  heavy  fly  be  put  upon  the  axle  J9,  near  the 
winch,  it  will  help  to  regulate  the  motion.] 

If  the  cogs  of  the  wheel  and  rounds  of  the 
trundle  could  be  put  in  as  exadlly  as  the  teeth 
are  cut  in  the  wheels  and  pinions  of  a  clock, 
then  the  trundle  might  divide  the  wheel  exaftly : 
that  is  to  fay,  the  trundle  might  make  a  given 
number  of  revolutions  for  one  of  the  wheel, 
without  a  fraftion.  But  as  any  exaft  number  is 
not  neceflary  in  mill- work,  and  the  cogs  and 
rounds  cannot  be  fet  in  fo  truly  as  to  make  all 

the 
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the  intervals  between  them  equal ;  d  fkilful 
mill- Wright  will  always  give  the  wheel  what  he 
calls  a  bunting  cog ;  that  is,  one  more  than  what 
will  anfwer  to  an  exad  diviQon  of  the  wheel  by 
the  trundle.  And  then,  as  every  cog  comes  to 
the  trundle^  it  will  take  the  next  ftaflF  or  round 
behind  the  one  which  it  took  in  the  former  re- 
volution :  and  by  that  means,  will  wear  all  the 
parts  of  the  cogs  and  rounds  which  woik  upon 
one  another  equally,  and  to  equal  diftances  from 
one  another  in  a  little  time;  and  fo  make  a  true 
uniform  motion  throughout  the  whole  work. 
Thus,  in  the  above  water-mill,  the  trundle  has 
10  ftaves,  and  the  wheel  6i  cogs^ 

Sometimes,  where  there  is  a  fufficient  quan^ 
tity  of  water,  the  cog-wheel  A  j1  turns  a  large 
pj    ,      trundle  B  5,  on  whofe  axis  C  is  fixed  the  hori- 
zontal wheel  Di  with  cogs  all  around  its  edge, 
turning  two  trundles  E  and  F  at  the  fame  time  y 
whofe  axes  or  fpindles  G  and  H  turn  two  mill- 
Hones  /and  iC,  upon  the  fixed  ftones  L  and  NL 
And  when  there  is  not  work  for  them  bothy 
either  may  be  made  to  lie  quiet,  by  taking  out 
one  of  the  ftaves  of  its  trundle,  and  turning  the 
vacant  place  towards  the  cog  wheel  D.     And 
there  may  be  a  wheel  fixt  on  the  upper  end  of 
the  great  upright  axle  C  for  turning  a  couple  of 
boulting-mills ;    and  other  work  for  drawing 
up  the  facks,  fanning  and  cleaning  the  corn, 
{harpening  of  tools,  &c. 
AHcr/e-      If,  inftead  of  the  cog-wheel  A  A  and  trundle 
*'^*        B  5,  horizontal  levers  be  fixed  into  the  axk  C, 
below  the  wheel  D ;  then,  horfcs  may  be  put  to 
thefe  levers  for  turning  the  mill:  which  is  often 
done  where  water  cannot  be  had  for  that  pur- 
pofe. 
A  wfW-      The  working  parts  of  a  wind-mill  differ  very 
^  *        little  from  thofc  of  a  water-mill  j  only  the  former 

is 
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IS  turned  by  thp  aftion  of  the  wind  upon  four 
fails,  every  one  of  which  ought  (as  is  generally 
believed)  to  make  an  angle  of  544  degrees  with 
a  plane  perpendicular  to  the  axis  on  which  the 
arms  are  fixt  for  carrying  them.  It  being  de« 
monftrable,  that  when  the  fails  are  fet  to  fuch  an 
angle,  and  the  axis  turned  end- ways  toward  the 
wind,  the  wind  has  the  greateft  power  upon  the 
fails.  But  this  angle  anfwers  only  to  the  cafe  of 
a  vane  or  fail  juft  beginning  to  move* :  for, 
when  the  vane  has  a  certain  degree  of  motion,  ic 
yields  to  the  wind ;  and  then  that  angle  mu(l  be 
increafed  to  give  the  wind  its  full  effedt. 

Again,  the  increafe  of  this  angle  fhould  be 
different,  according  co  the  different  velocities 
from  the  axis  to  the  extremity  of  the  vane.  At 
the  axis  it  ihould  be  544  degrees,  and  thence 
continually  decreafe,  giving  the  vane  a  twift,  and 
.  fo  cauQng  all  the  ribs  of  the  vane  to  lie  in  dif- 
ferent planes 

Laftly,  Thefe  ribs  ought  to  decreafe  in  length 
from  the  axis  to  the  extremity,  giving  the  vane  a 
curvilineal  form, ;  fo  that  no  part  of  the  force  of 
anyone  rib  be  fpent  upon  the  reft,  but  all  move 
on  independent  of  each  other.     All  this  ia  re- 
quired to  give  the  fails  of  a  wind-mill  their  true 
TOrm :  and  we  fee  both  the  twift  and  the  diminu- 
tion  of  the  ribs  exemplified  in  the  wings  of  birds. 
It  is  almoft  incredible  to  think  with  what 
velocity  the  tips  of  the  fails  move  when  a£ted 
\ipon  by  a  moderate  gale  of  wind.     I  have  fe- 
deral times  counted  the  number  of  revolutions 
made  by  the  fails  in  ten  or  fifteen  minutes ;  and 
from  the  length  of  the  arms  from  tip  to  tip, 
have  computed,  that  if  a  hoop  of  that  diameter 
^as  to  run  upon  the  ground  with  the  fame  velo* 

*  Se«  Maclavhin^s  Fluxions,  near  the  end. 
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city  that  it  would  move  if  put  upon  the  (kil-arms, 
it  would  go  upwards  of  30  miles  in  an  hour. 

As  the  ends  of  the  fails  neareft  the  axis  can- 
not move  with  the  fame  velocity  that  the  tips  or 
farthcfl.  ends  do,  alchough  the  wind  a6ts  equally 
ftrong  upon  them;  perhaps  a  better  pofition 
than  that  of  ftretching  them  along  the  arms 
direftly  from  the  center  of  motion,  might  be  to 
have  them  fet  perpendicularly  acrofs  the  farther 
ends  of  the  arms,  and  there  adjufted  Icngthwife 
to  the  proper  angle.     For,  in  that  cafe,  both 
ends  of  the  fails  would  move  with  the  fame  ve- 
locity ;  and  being  farther  from  the  center  of  mo- 
tion, they  would  have  fo  much  the  more  power : 
and  then,  there  would  be  no  occafion  for  having 
them  fo  large  as  they  are  generally  made';  which 
would  render  them  lighter,  and  confequcntly, 
there  would  be  fo  much  the  lefs  friftion  on  the 
thick  neck  of  the  axle  where  it  turns  in  the  wall. 
A  Croat.        A  crane  is  an  engine  by  which  great  weights 
arc  raifed  to  certain  heights,  or  let  down  to  cer- 
tain depths.     It  confifts  of  wheels,  axles,  pul- 
PlatcyiT.  j^yg^  ropes,  and  a  gib  or  gibbet.      When  the 
*^'  '•     rope  H  is  hooked  to  the  weight  /f,  a  man  turns 
the  winch  y/,  on  the  axis  whereof  is  the  trundle 
-ff,  which  turns  the  wheel  C,  on  whofc  axis  Dis 
the  trundle  £,  which  turns  the  wheel  F  with  its 
upright  axis  G,  on  which  the  great  rope  HH 
winds  as  the  wheel  turns  -,   and  goin^  over  a 
pulley  /  at  the  end  of  the  arm  d  of  the  gib  c  c  de^ 
it  draws  up  the  heavy  weight  A";  which,  being 
raifed  to  a  proper  height,  as  from  a  (hip  to  the 
quay,  is  then  brought  over  the  quay  by  pulling 
the  wheel  Z  round  by  the  handles  z,  z,  which 
turns  the  gib  by  means  of  the  half  wheel  b  fixt 
on  the  gib-poft  rf,  and  the  ftrong  pinion  tf  fixt 
on  the  axis  of  the  wheel  Z.     This  wheel  giws 
the  man  that  turns  it  an  abfolute  command  over 
3  tb^ 
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the  giby  fo  as  to  prevent  it  from  taking  any  yn- 
lueky  fwing,  fuch  as  often  happens  when  it  is 
only  guided  by  a. rope  tied  tp  its  army;  and 

nle  are  frequently  hurt,  fo(netimes  killed, 
jch  accidents. 

The  great  rope  goes  between  two  upright 
Toilers  i  and  ^,  which  turn  upon  gudgeons  in 
die  fixed  beanis/  and  g  \  and  as  the  gib  is  turn- 
ed towards  either  fide,  the  rope  bends  upon  the 
roller  next  that  fide.  Were  it  not  for  thefe 
rollers,  the  gib  would  be  quite  unmanageable ; 
for  the  moment  it  were  turned  ever  fo  little  to- 
wards any  fide,  the  weight  IL  would  begin  to 
defcend,  becaufe  the  rope  would  be  (hortened 
:  between  the  pulley  /  and  axis  G  \  and  fo  the  gib 
would  be  pulled  violently  to  that  fide,  and  citlicr 
be  broke  to  pieces,  or  break  every  thing  that 
came  in  its  way.  Thefe  rollers  muft  be  placed 
fo,  that  the  fides  of  them,  round  which  the  rope 
bends,  may  keep  the  middle  of  the  bended  pare 
dire&l^  even  with  the  center  of  the  hole  in 
which  the  upper  gudgeon  of  the  gib  turns  in 
the  beam/.  The  truer  thefe  rollers  arc  placed, 
the  eafier  the  gib  is  managed,  and  the  lefs  apt  to 
iwing  either  way  by  the  force  of  the  weight  K. 

A  ratchet-wheel  ^  is  fixt  upon  the  axis  D, 
near  the  trundle  £;  and  into  this  wheel  the  catch 
or  click  R  falls.  .This  hinders  the  machinery 
from  runing  back  by  the  weight  of  the  burden 
Kj  if  the  man  who  raifes  it  fhould  happen  to  be 
carelefs,  and  fo  leave  off*  working  at  the  winch 
^  fooner  than  he  ought  to  do. 

When  the  weight  K  is  raifed  to  its  propqr 
height  from  the  (hip,  and  brought  over  the 
quay  by  turning  the  gib  about,  it  is  let  down 

Sntly  upon  the  quay,  or  into  a  cart  (landing 
rreon,  in  the  following  manner  :  A  man  takes 
hold  of  the  rope  /  /  ('which  goes  over  the  pulley 
G  2  If  J  and 
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%  iXiA  b  tied  td  a  hook  at  5  in  the  catch  iS)  add 
fo  difengages  the  catch  from  the  ratchet-wheel 
^;  and  then,  the  man  at  the  winch  A  turns  k 
backward,  and  lets  down  the  weight  K.  But  if 
the  weight  pults  too  hard  againft  this  man,  ano- 
ther lays  hold  of  the  (lick  V^  and  by  pulling 
it  downward,  draws  the  gripe  V  clofc  to  the 
wheel  T^  which,  bv  rubbing  haird  againft  the 
gripe,  hinders  the  too  quick  defcent  of  the 
weight;  and  not  only  fo,  but  even  ftops  it  at 
any  time,  if  required.  By  this  means,  heavy 
goods  may  be  either  raifed  or  let  down  at  pka- 
fure  without  any  danger  of  hurting  the  men 
who  work  the  engine. 

When  part  of  the  goods  are  craned  up,  and 
the  rope  is  to  be  let  down  for  more,  the  catch  R 
is  Brft  difengaged  from  the  ratchet-wheel  i^  by 
pulling  the  cord  / ;  then  the  handle  ^  is  turned 
half  round  backward,  which,  by  the  crank  n  n 
in  the  piece  o^  pulls  down  the  frame  b  between 
the  guides  m  and  m  (in  which  it  Aides  in  a 
groove)  and  fo  difengages  the  trundle  B  from 
the  wheel  C :  and  then,  the  heavy  hook  ^  at 
the  end  of  the  rope  H  defcends  by  its  own 
weighr,  and  turns  back  the  great  wheel  F  with 
its  trundle  £,  and  the  wheel  C;  and  this  laft 
wheel  afts  like  a  fly  againft  the  wheel  F  and 
hook  (i ;  and  fo  hinders  it  from  going  dowo  coa 
quick  ;  whilft  the  weight  X  keeps  up  the  grip& 
U  from  rubbing  againlt  the  wheel  7",  by  means 
of  a  cord  going  from  the  weight,  over  the  pulley 
w  to  the  hook  ff^  in  the  gripe  •,  fo  that  the  gripe 
•never  touches  the  wheel,  unkls  it  be  pulled 
down  by  the  handle  F, 

When  the  crane  is  to  be  fet  at  work  again, 

for  drawing  up  another  burden,  the  handle  j  -is 

turned   half  round  forwards ;    which,   by   the 

crank  n  n^  raifes  up  the  frame  b^  and  caufea  the 

8  trundle 
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trundle  B  to  lay  hold  of  the  wheel  C ;  and  then» 
by  turning  the  winch  A^  the  burden  of  ^oods 
K  i9  drawn  up  as  before. 

The  crank  n  n  turns  pretty  ftiflT  in  the  nnortife 
near  Oj  and  ftops  againft  the  farther  end  of  ic- 
wben  it  has  got  jufi:  a  }ictle  beyond  the  perpen- 
dicular-,  fo  that  it  can  never  come  back  of  it-  . 
ielf :  and  therefore,  the  trundle  B  can  never 
come  away  from  the  wheel  C,  until  the  handle 
q  be  turned  half  round,  backwards. 

The  great  rope  runs  upon  rollers  in  the  lever 
L  Afj  which  keeps  it  from  bending  between  the 
axle  at  G  and  the  pulley  7,  This  lever  turns  upoi^ 
the  axis  N  by  means  of  the  weight  0,  which  is 
juft  fufBcient  to  keep  its  end  L  up  to  the  rope ;  {q 
that,  as  the  great  axle  turns,  and  the  rope  coils 
round  it,  the  lever  rifes  with  the  rope,  and  pre^. 
vents  the  coinings  from  going  over  one  another. 

The  power  of  this  crane  may  beeftim^ted  thus; 
fuppofe  the  trundle  B  to  have  1 3  (laves  or  rounds, 
and  the  wheel  C  to  have  78  fpurcogs ;  the  trundlq 
E  to  have  14  ftavcs,  and  the  wheel  F  ^6  cogs^ 
Then,  by  multiplying  the  (laves  of  the  trundles, 
13  and  14,  into  one  another,^  their  produdl  will  b^ 
182  i  and  by  multiplying  the  cogs  of  the  wheels, 
78  and  56,  into  one  another,  their  product  will  be 
4368,  and  dividing  4368  by  182,  the  quotient; 
will  be  24 ;  which  ihews  that  the  winch  ^make; 
24  turns  for  one  turn  of  the  wheel  F  and  its 
axle  G  on  which  the  great  rope  or  chain  H I H 
winds.  So  that,  if  the  length  Qr  radius  of  the 
winch  A  were  only  equal  10  half  tlie  dia^netei: 
of  the  great  axle  G,  added  to  half  thp  thickntls 
of  the  rope  H^  the  power  of  the  crane  would  bq 
as  24  to  1  :  but  the  radius  of  the  winch  being 
double  the  above  length,  it  doubles  the  faid. 
power,  and  fo  makes  it  as  48  to  i  :  in  whicl\ 
fafe,  a  man  may  raife  48  times  as  much  weight 
G  ^  b^ 
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by  this  engine  as  he  could  do  by  his  natural 
ftrength  without  it,  making  proper  allowance 
for  the  f rid  ion  of  the  working  parts.— Two 
men  may  work  at  once,  by  having  another 
winch  on  the  oppofite  end  of  the  axis  of  the 
trundle  under  B  ^  and  this  will  make  the  power 
double. 

If  this  power  be  thought  greater  than  what 
may  be  generally  wanted,  the  wheels  may  be 
made  with  fewer  cogs  in  proportion  to  the  ftavcs 
in  the  trundles ;  and  fo  the  power  may  be  of 
whatever  degree  is  judged  to  be  requifite.  But 
if  the  weight  be  fo  great  as  will  require  yet  more 
power  to  rnife  it  (fuppofe  a  double  quantity) 
then  the  rope  H  may  be  put  under  a  moveable 
pulley,  as  <^,  and  the  end  of  it  tied  to  a  hook  in 
the  gib  at  s ;  which  will  give  a  double  power  to 
the  machine,  and  fo  raifc  a  double  weight 
hooked  to  the  block  of  the  moveable  pulley. 

When  only  fmall  burthens  are  to  be.raifed, 
this  may  be  quickly  done  by  men  pufliing  the 
axle  G  round  by  the  long  fpokes^,j,jf,j? ;  hav- 
ing firft  dilen{>aged  the  trundle  B  from  the  wheel 
C :  and  then,  this  wheel  will  only  aft  as  a  fly 
upon  the  v^hcelF;  and  the  catch  R  will  prevent 
its  running  back,  if  the  men  fhould  inadvert* 
ently  leave  off  pufhing  before  the  burthen  be 
unhooked  from  (i. 

Laftly,  When  very  heavy  burthens  arc  to  be 
raifed,  which  might  endanger  the  breaking  of 
the  cogs  in  the  wheel  F;  their  force  againft  thefc 
cogs  may  be  much  abated  by  men  pufhing  round 
the  long  fp.kes  ^j^',  v,jy,  whilft  the  man  at  if 
turns  the  winch. 

I  have  only  (hewn  the  working  parts  of  this 
crane,  without  the  whole  of  the  beams  which 
fupport  them ;  knowing  that  thefc  arc  cafily 

fuppofcdy 
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fuppofedy  and  that  if  they  bad  been  drawn^ 
they  would  have  hid  a  great  deal  of  the 
working  parts  from  fight,  and  alio  confufedthe 
figure. 

Another  very  good  crane  is  made  in  the  fol-  Anotkcr 
lowing  manner.  ^  ^  is  a  great  wheel  turned  ^'•'» 
\>y  men  walking  within  it  at  H.  On  the  part  ^*2"  ** 
C,  of  its  axle  B  C,  the  great  rope  D  is  wound  as 
the  wheel  turns  ;  and  this  rope  draws  up  goods 
in  the  fame  way  as  the  rope  H  H  does  in  the 
above-mentioned  crane,  the  gib-work  here  be* 
ijig  fuppofcd  to  be  of  the  fame  fort.  But  thefe 
cranes  are  very  dangerous  to  the  men  in  the 
wheel;  for,  if  any  of  the  men  fhould  chance  to 
fall,  the  burthen  will  make  the  wheel  run  back 
and  throw  them  all  about  within  it ;  which 
often  breaks  their  limbs,  and  fometimes  kills 
them.  The  late  ingenious  Mr.  Padmore  of  Brif- 
tol»  (whole  contrivance  the  forementioned  crane 
is,  fo  far  as  I  can  remember  its  -conftruftion, 
after  feeing  it  once  about  twelve  years  ago  *,) 
obferving  this  dangerous  conftruftion,  con- 
trived a  method  for  remedying  it,  by  putting 
cogs  all  around  the  outfide  of  the  wheel,  and 
applying  a  trundle  E  to  turn  it ;  which  increafes 
the  power  as  much  as  the  number  of  cogs  in  the 
wheel  is  greater  than  the  number  of  ftaves  in 
the  trundle  :  and  by  putting  a  ratchet-wheel  F 
on  the  axis  of  the  trundle,  (as  in  the  above* 
mentioned  crane)  with  a  catch  to  fall  into  if,  the 
great  wheel  is  ftopt  from  running  back  by 
the  force  of  the  weight,  even  if  all  the  men  in 

•  Since  the  firft  edition  of  thi^  book  was  printed,  I  have 
feen  the  fame  crane  again  ;  and  do  find,  that  though  tbet 
working  parts  are  much  the  fame  as  above  defcribed,  ye^ 
the  method  of  raifmg  or  lowering  the  trundle  B,  and  the 
catch  Rt  are  better  contrived  than  I  had  defcribed  them. 
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it  (houid  leave  off  walking.  And  by  one  man 
working  at  the  winch  7,  or  two  men  at  the  op- 
pofite  winches  when  needful,  the  men  in  the 
wheel  are  much  aflTifted,  and  much  greater 
weights  are  raifed,  than  could  be  by  men  only 
within  the  wheeL  Mr.  Padmore  put  alfo  a 
gripe-wheel  G  upon  the  axis  of  the  trundle, 
which  being  pinched  in  the  fame  manner  as  de- 
fcribed  in  the  former  crane,  heavy  burthens 
may  be  let  down  without  the  leaft  danger. 
And  before  this  contrivance,  the  lowering  of 
goods  was  always  attended  with  the  utmoft 
danger  to  the  men  in  the  wheel ;  as  cfvery  one 
muft  be  fenlible  of,  who  has  feen  fuch  engines 
at  work. 

And  it  is  furprifing  that  the  mafters  of  wharfs 
and  cranes  Ihould  be  fo  regardlefs  of  the.  limbs, 
or  even  lives  of  their  workmen,  that  excepting 
the  late  Sir  James  Creed  of  Greenwich,  and 
fome  gentlemen  at  Briftp],  there  is  fcarce  an  in- 
ftance  of  any  who  has  ufed  this  fafe  contri- 
vance. 
tFheiU  The  ftrufture  of  wheel-carriages  is  generally 

carriages,  fo  well  known,  that  it  would  be  needlefs  to  de- 
fcribe  them.  And  therefore,  we  (ball  only 
point  out  fome  inconveniencies  attending  the 
common  method  of  placing  the  wheels,  and 
loading  the  waggons. 

In  coaches,  and  all  other  four-wheeled  car- 
riages, the  fore-wheels  are  made  of  a  Icfs  6ze 
than  the  hind  ones,  both  on  account  of  turn- 
ing fhort,  and  to  avoid  cutting  the  braces: 
othcrwifc,  the  carriage  would  go  much  eafier  if 
the  fore-wheels  were  as  high  as  the  hind  ones, 
a^d  the  higher  the  better,  becaufe  they  would 
fink  to  lefs  depths  in  little  hollowings  in  the 
roads,   and  be  the  more  cafiiy  drawn  out  of 

them. 


Of  ff^bed'Carriages.  ^t 

them.  But  carriers  and  coachmen  give  another 
reafon  for  making  the  fore-wheels  much  lower 
than  the  hind-wheels  \  namely,  that  when  they 
are  fb,  the  hind-wheels  help  to  pu(h  on  the  fore 
ones :  which  is  too  unphilofophical  and  abfurd 
to  deferve  a  refutation,  and  yet  for  their  fatis- 
fadion  we  fhall  (hew  by  experiment  that  it  has 
no  exigence  but  in  their  own  imaginations* 

It  is  plam  that  the  fmall  wheels  muft  turn  as 
much  oftener  round  than  the  great  ones,  as 
their  circumferences  are  lefs.    And  therefore, 
when  the  carriage  is  loaded  equally  heavy  on 
both  axles,  the  fore-axle  muft  fuftain  as  much 
more   fridion,  and  confequently  wear  out  as 
much  fooner,  than  the  hind-axle,  as  the  fore- 
wheels  are  lefs  than  the  hind-ones.     But  the 
great  misfortune  is,  that  all  the  carriers  to  a 
man  do  obftinately  perfift,  againft  the  cleareft 
reafon  and  demonftration,  in  putting  the  heavier 
part  of  the  load  upon  the  fore-axle  of  the  wag- 
gon \  which  not  only  makes  the  fridtion  greateft 
where  it  ought  to  be  leaft,  but  alfo  prefleth  the 
fore-wheels  deeper  into  the  ground. than  the 
hind-wheels,  notwithftanding  the  fore-wheels, 
being  lefs  than  the  hind  ones,  are  with  fo  much 
the  greater  difficulty  drawn  out  of  a  hole  or  over 
an  obftacle,  even  fuppofmg  the  weights  on 
their  axles  were  equal.     For  the  difficulty,  with 
equal  weights,  will  be  as  the  depth  of  the  hole  Fig.  3. 
or  height  of  the  obftacle  is  to  the  femidiameter 
of  the  wheel.     Thus,  if  we  fuppofe  the  fmall 
wheel  D  of  the  waggon  ABto  fall  into  a  hole 
of  the  depth  E  Fj  which  is  equal  to  the  femi- 
diameter of  the  wheel,  and  the  waggon  to  be 
drawn  horizontally  along ;  it  is  evident,  that 
the  point  E  of  the  fmall  wheel  will  be  drawn 
dire^ly  againft  the  top  of  the  hole  i  and  there- 
fore, 
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fore,  all  the  power  of  horfes  and  men  wil)  noc 
be  able  to  draw  it  out,  unlefs  the  ground  gives 
way  before  it.  Whereas,  if  the  hiod-wheel  G 
fails  into  fuch  a  hole,  it  finks  not  near  io  deep 
in  proportion  to  its  femidiameter ;  and  there- 
fore, the  point  G  of  the  large  wheel  will  not  be 
drawn  directly,  but  obliquely,  agatnft  the  top 
of  the  hole ;  and  fo  will  be  eafily  got  out  of  it. 
Add  to  this,  that  as  a  fmall  wheel  will  often 
fink  to  the  bottom  of  a  hole,  in  which  a  great 
wheel  will  go  but  a  very  little  way,  the  fmall 
wheels  ought  in  all  reafon  to  be  loaded  with  kis 
weight  than  the  great  ones :  and  then  the  heavier 
part  of  the  load  would  be  lefs  jolted  upward  and 
downward,  and  the  horfes  tired  fo  much  the 
kfs,  as  their  draught  raifed  the  load  to  lefs 
heights. 

It  is  true,  that  when  the  waggon-road  is 
much  up-hill,  there  may  be  danger  in  loading 
the  hind  part  much  heavier  than  the  fore  part ; 
for  then  the  weight  would  overhang  the  hind- 
axle,  cfpecially  if  the  load  be  high,  and  endan- 
ger tilting  up  the  fore-wheels  from  the  ground. 
In  this  cafe,  the  fafeft  way  would  be  to  load  it 
equally  heavy  on  both  axles ;  and  then,  as  much 
more  of  the  weight  would  be  thrown  upon  the 
hind-axle  than  upon  the  fore  one,  as  the  ground 
rifes  from  a  level  below  the  carriage.  But  as  this 
feldom  happens,  and  when  it  does,  a  faiall  tem- 
porary weight  laid  upon  the  pole  between  the 
horfes  would  overbalance  the  danger  ^  and  this 
weight  might  be  thrown  into  the  waggon  when 
it  comes  to  level  ground  ;  it  is  ftrange  that  an 
advantage  fo  plain  and  obvious  as  would  arife 
from  loading  the  hind-wheels  heavieft,  (hould 
not  be  laid  hold  of,  by  complying  with  this 
method. 

To 
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To  conBrm  thefe  reafonings  by  experiment, 
letafmaU  model  o£  a  waggon  be  made^  with 
its  fore-wheels  24-  inches  in  diameter,  and  its 
hind-wheels  4^5    the  whole   nuKlel  weighing 
about  20  ounces.     Let  this  little  carriage  be 
loaded  any  how  with  weights,  and  have  a  fmall 
cord  tied  to  each  Df  its  ends,  equally  high  JfrOOi 
the  ground  it  rcfts  upon ;  and  let  it  be  drawn 
along  a  horizontal  board,  firft  by  A'  M^ighc  in  a 
fcale  hung  to  the  cord  at  the  fore^{^tfrf  \  the^cot^ 
going  over  a  pulley  at  the  end  of  the  boarc) 
to  facilitate  the  draught,   and  th«  weight  joft 
fufficient  to  draw  it  along.     Then,  Ktxtn  the 
carriage,  and  hang  the  fcale  and  weight  to  the 
hind  cord,  and  it  will  be  found  to  move  aloing 
with  the  fame  velocity  as  at  firft :  which  (hews; 
that  the  power  required  to  draw  the  carriage 
is  all  the  fame,  whether  the  great  or  fmall 
wheels  are  foreffioft;  and  therefore  the  great 
wheels  do  not  help  in  the  leaft  to  pu(h  on  the 
fmall  wheels  in  the  road. 

Hang  the  fcale  to  the  fore-cord,  and  place 
the  fore-wheels  (which  ^re  the  fmall  ones)  in 
two  holes,  cut  three  eight  parts  of  an  inch 
deep  into  the  board  ;  then  put  a  weight  of  gt 
ounces  into  the  carriage,  over  the  fore-axle, 
and  an  equal  weight  over  the  hind  one :  this 
done,  put  44  ounces  into  the  fcale,  which  wilt 
be  juft  fufficient  to  draw  out  the  fore-wheels  : 
but  if  this  weight  be  taken  out  of  the  fcale,  and 
one  of  i6  ounces  put  into  its  place,  if  the  hind- 
wheels  are  placed  in  the  holes,  the  16  ounce 
weight  will  draw  them  out ;  which  is  little  more 
than  a  third  part  of  what  wai  neccffary  to  draw 
out  the  fore-wheels.  This  fliews,  that  the  Ilir- 
ger  the  wheels  are,  the  Icfs  power  Will  draw  the 
carriage,  cfpecially  on  rough  ground. 

Put 
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Put  64  ounces  over  the  axle  of  the  hind- 
wheelsi  and  32  over  the  axle  of  the  fore-ones, 
in  the  carriage;  and  place  the  fore  wheels  in 
the  holes:'  then,  put  38  ounces  into  the  (bale, 
which  will  juft  draw  out  the  fore-wheels ;  and 
when  the  hind  ones  come  to  the  hole,  they  will 
find  but  very  little  refiftance,  becaufe  they  fink 
but  a  little  way  into  it. 

But  Ihift  the  weights  in  the  carriage,  by  put- 
ling  the  32  ounces  upon  the  hind-axle,  and  the 
64  ounces  upon  the  fore  one;  and  place  the 
fore-wheels  in  the  holes  :  then,  if  76  ounces  be 
put  into  the  fcale,  it  will  be  found  no  more  than 
Sufficient  to  draw  out  thefe  wheels ;  which  is 
double  the  power  required  to  draw  them  out, 
when  the  lignter  part  of  the  load  was  put  upon 
them :  which  is  a  plain  demonftration  of  the  ab- 
furdity  of  putting  the  heavieft  part  of  the  load 
in  the  fore-part  of  the  waggon. 

Every  one  knows  what  an  out-cry  was  made 
by  the  generality,  if  not  the  whole  body,  of  the 
carriers^  againft  the  broad-wheel  a£t ;  and  how 
hard  it  was  to  perfuade  them  to  comply  with  it» 
even  though  the  government  allowed  them  to 
draw  with  more  horfes,  and  carry  greater  loads, 
than  ufual.  Their  principal  objedion  was,  that 
as  a  broad  wheel  muft  touch  the  ground  in  a  great 
many  more  points  than  a  narrow  wheel,  the  fric- 
tion muft  of  courfe  be  juft  fo  much  the  greater ; 
and  confeqqently,  there  muft  be  fo  many  more 
horfes  than  ufual,  to  draw  the  waggon.  I  believe 
that  the  majority  of  people  were  of  the  fame 
opinion,  not  confidering,  that  if  the  whole  weight 
of  the  waggon  and  load  in  it  bears  upon  z, 
great  many  points,  each  fuftains  a  propor*- 
tionably  Icfs  degree  of  weight  and  fridion,  thau 
when  it  bears  only  upon  a  few  points ;  fo  thai; 

what 
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what  IS  wanting  in  one,  is  mad^  up  in  the  other ; 
and  therefore  will  be  jufl:  equal  under  equal  de- 
grees of  weight,  as  may  be  (h^wn  by  the  follow* 
ing  plain  and  eafy  experiment. 

Let  one  end  of  a  piece  of  packthread  be 
fattened  to  a  brick,  and  the  other  end  to  a  com- 
mon  fcale  for  holding  weights:  then,  having 
laid  the  brick  edgewife  on  a  table,  and  let  the 
fcale  hao^  under  the  edge  of  the  table,  put  as 
much  weight  into  the  fcale  as  will  juft  draw  the 
brick  along  the  table.  Then  taking  back  the 
brick  to  its  fornrer  place,  lay  it  flat  on  the  table, 
and  leave  it  to  be  adcd  upon  by  the  fame  weight 
in  the  fcale  as  before,  which  will  draw  it  along 
with  the  fame  eafe  as  when  it  lay  upon  its  edge. 
In  the  former  cafe,  the  brick  may  be  confidered 
as  a  narrow  wheel  on  the  ground ;  and  in  the 
latter  as  a  broad  wheel.  And  fmce  the  brick  ia 
drawn  along  with  equal  eafe,  whether  its  broad 
fide  or  narrow  edge  touches  the  table,  it  fliews 
that  a  broad  wheel  might  be  drawn  along  the 
ground  with  the  fame  eafe  as  a  narrow  one  (fup* 
pofing  them  equally  heavy)  even  though  they 
ihould  drag,  and  not  roll,  as  they  go  along. 

As  narrow  wheels  are  always  finking  into  the 
ground,  efpecially  when  the  heavieft  part  of  thr 
load  lies  upon  them,  they  mufl:  be  confidered  as 
going  conftantly  up  hill,  even  on  level  ground. 
And  their  fides  muft  fudain  a  great  deal  of  friftion 
by  rubbing  againft  the  ruts  made  by  them.  But 
both  thcfe  inconveniencics  are  avoided  by  broad 
wheels  -,  which,  inftead  of  cutting  and  plough- 
ing up  the  roads,  roll  them  fmooth,  and  harden 
them  ;  as  experience  tcftifies  in  places  where 
they  have  been  ufed,  efpecially  either  on  wettifli 
or  fandy  ground :  though  after  all  it  muft  be  con- 
fcfled,  that  they  will  not  do  in  ftiflF  clayey  crofe 
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,rp4l]s;  becaufe  they  would  foon  gather  up  as 
.much  clay  as  would  be  almoft  equal  to  the 
weight  of  an  ordinary  load. 

If  the  wheels  were  always  to  go  upon  fmooth 
and  level  grpund^  the  befi  way  would  be  to  rqake 
the  fpokes  perpendicular  to  the  naves ;  that  is, 
to  (land  at  right  angles  to  the  axles ;  becaufe 
they  would  then  bear  the  weight  of  the  load 
.perpendicularly,  which  i?  the ilrongeft  way  for 
wood.  But  becaufe  the  ground  is  g(uierally  un- 
leyen,  one  wheel  often  falls  into  a  caVity  or  rut 
when  the  other  does  not ;  and  then  it  bears  much 
more  ot  the  weight  than  the  other  does:  in 
which  cafe,  concave  or  difhing  wheels  are  befi, 
becaule  when  one  falls  into  a  rut,,  and  the  other 
keeps  upon  high  ground,  the  (pokes  becoaie  per- 
pendicular in  the  rut,  and  therefore  have  the 
.greateft  ftrengch  when  the  obliquity  of  the  load 
throws  moft  of  its  weight  upon  them  -,  whilft 
thpfe  on  the  high  ground  have  lefs  weight  to  bear, 
and  therefore  need  not  be  at  their  full  flrength. 
So  that  the  ufual  way  of  making  the  wheels  con- 
cave is  by  much  the  belt.  . 

The  axles  of  the  wheels  ought  to  be  perfedbly 
ftraight,  that  the  rim  of  the  wheels  may  be 
parallel  to  each  other  *,  for  then  they  will  move 
eaGeft,  becaufe  they  will  be  at  liberty  to  go  on 
ftraight  forwards.  But  in  the  ufual  way  of  prac« 
tice,  the  axles  are  bent  downward  at  their  ends ; 
which  brings  the  fides  of  the  wheels  next  the 
ground  nearer  to  one  another  than  their  oppoGte 
or  higher  fides  are :  and  this  not  only  makes  the 
wheels  to  drag  fidewife  as  they  go  along^  and 
gives  the  load  as  much  greater  power  of  crushing 
them  than  when  they  are  parallel  to  each  other, 
but  alfo  endangers  the  over-turning  of  the  car- 
riage when  any  wheel  falls  into  a  hole  or  rut ;  or 

when 
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when  the  carriage  goes  in  a  road  which  has  one 
fide  lower  than  the  other,  as  along  the  fide  of  a 
hill.    Thus  (in  the  hind  view  of  a  waggon  or 
cart)  let  ji  E  and  B  F  be  the  great  wheels  paral- 
lel to  each  other,  on  their  ftraight  axle  /C,  and  Fig.  ^^   , 
HC I  the  carriage  loaded  with  heavy  goods  from 
C  to  G.     Then,  as  the  carriage  goes  on  in  the 
oblique  road  AaB^  the  center  of  gravity  of  the 
whole  machine  and  load  will  be  at  C* ;  and  the  •  <:^p 
line  of  diredlion  Cd D  falling  within  the  wheel  page  13. 
B  F,  the  carriage  will  not  overfet.     But  if  the 
wheels  be  inclined  to  each  other  on  the  ground,  f'g-  5- 
as  yf  £  and  B  F  are,  and  the  machine  be  loaded 
as  before,  from  C  to  G,  the  line  of  dircdlion 
CdD  falls  without  the  wheel  5  F,  and  the  whole 
machine  tumbles  over.     When  it  is  loaded  with 
heavy  goods  (fuch  as  lead  or  iron)  which  lie  low,  Fig-  4* 
it  may  travel  fafely  upon  an  oblique  road  fo  long 
as  the  center  of  gravity  is  at  C,  and  the  line  of  di- 
rcftion  C  d  falls  within  the  wheels  •,  but  if  it  be 
loaded  high  with  lighter  goods  (fuch  as  wool- 
packs)  from  C  to  L,  the  center  of  gravity  is  raifcd  Fig.  6. 
from  C  to  iC,  which  throws  the  line  of  diredion 
K  k  without  the  loweft  edge  of  the  wheel  B  F, 
and  then  the  load  overfets  the  waggon. 

If  there  be  fomc  advantage  from  fmall  fore- 
wheels,  on  account  of  the  carriage  turning  more 
eafily  and  fhort  than  it  can  be  made  to  do  when 
they  are  lai^e  \  there  is  at  leaft  as  great  a  difad- 
vantage  attending  them,  which  is,  that  as  their 
axle  is  below  the  level  of  the  horfes  breafts,  the 
horfes  not  only  have  the  loaded  carriage  to 
draw  along,  but  alfo  part  of  its  weight  to  bear ; 
which  tires  them  looner,  and  makes  them 
grow  much  ftifFer  in  their  hams,  than  they 
would  be  if  they  drew  on  a  level  with  the  fore- 
axle.     And  for  this  reafon,  we  find  coach  horfes 

foon 
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fbon  become  unfit  for  riding.    So  that  on  all  i6^ 
counts  it  is  plain,  that  the  tore-wheels  of  all  or- 
riages  ought  to  be  fo  high,  as  to  have  thrir  add 
even  with  the  bread  of  the  horfes  ;  which  would 
not  only  give  the  horfes  a  fair  draught,  but  lik^ 
wife  keep  them  longer  fit  for  drawing  the  car- 
riage, 
friatc  IX.       We  (hall  conclude  this  le6lu:c  with  addcrip- 
F»g.  I,  2.  tion  of  Mr.  Vauloue^  curious  engine,  which  wai 
made  ufe  of  for  driving  the  piles  of  Weftminfler* 
bridge :  and  the  reader  may  cad  his  eyes  opoa 
the  firft  and  fecond  figures  of  the  plate,  in  which 
the  fame  letters  of  reference  are  annexed  to  the 
fame  parts,  in  order  to  explain  thofe  in  the  le- 
cond,  which  are  either  partly  or  wholly  hid  in 
the  firft. 
Thtpile-       A  is  the  great  upright  (haft  or  axle,  on  which 
^gin€.      are  the  great  wheel  B  and  drum  C,  turned  by 
horfes  joined  to  the  bars  tS,  5.  The  wheel  B  tumi 
the  trundle  Z,  on  the  top  of  whole  axis  is  the 
fiy  0,  which  ferves  to  regulate  the  motion,  and 
alfo  to  aft  againft  the  horfes,  and  keep  them 
from  falling  when  the  heavy  ram  ^is  di(chaig^ 
to  drive  the  pile  P  down   into  the  mud  in  the 
bottom  of  the  river.     The  drum  C  is  loofc  upon 
the  (haft  A^  but  is  locked  to  the  wheel  B  by  the 
bolt  Y.    On  this  drum  the  great  rope  H  H  is 
wound ;  one  end  of  the  rope  being  (ixed  to  the 
drum,  and  the  other  to  the  follower  G,  to  which 
it  is  conveyed  over  the  pulleys  /  and  K.    In  the 
follower  G  is  contained  the  tongs  F  (fee  Fig. 
3.)  that  takes  hold  of  the  ram  ^by  the  ftapk  R 
for  drawing  it  up.     D  is  a  fpiral  or  fufy  nxt  to 
the  drum,  on  which  is  wound  the  fmall  rope  f 
that  goes  over  the  pulley  £/,  under  the  pulley  V% 
and  is  fattened  to  the  top  of  the  frame  at  7.    To  . 
the  pulley  block  F  is  hung  the  counterpoife  ^, 

which 
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Which  hinders  the  follower  from  accelerating  as 
it  goes  down  to  take  hold  of  the  ram  :  for,  as 
the  follower  tends  to  acquire  velocity  in  its  de- 
(bent,  the  line  T  winds  downwards  upon  the 
fufy,  dn  a  larger  and  larger  radius,  by  which 
taeans  the  counterpoifc  ff^  ads  ftrongcr  and 
ftronger  againft  it;  and  fo  allows  it  to  come 
down  with  only  a  moderate  and  uniforn)  velo- 
city. The  bolt  T  locks  the  drum  to  the  great 
toheel,  being  puflied  upward  by  the  fmall  lever 
if  which  goes  through  z  mortife  in  the  fhaft  yf^ 
tbrns  Upon  a  pin  in  the  bar  3  fixt  to  the  great 
krheel  £,  and  has  a  weight  4,  which  always  tends 
to  pu(h  up  the  bolt  T  through  the  wheel  into 
liie  drum.  L  is  the  great  lever  turning  on  the 
ikis  fifi  and  refting  upon  the  forcing  bar  5,  5^ 
i^hich  goes  down  through  a  hollow  in  the  Ihafc 
rf,  and  bears  op  thfe  little  lever  2. 

By  the  borfes  going  rounds  the  great  rope  H 
is  wound  about  the  drum  C,  and  the  ram  ^  is 
jrawn  up  by  the  tongs  F  in  the  follower  G,  until 
rhe  tOngis  comes  between  the  inclined  planes  E ; 
Rrhichy  by  (hutting  the  tongs  at  the  top,  opens  it 
It  the  foot,  and  difcharges  the  ram,  which  falls 
town  between  the  guides  t  b  upon  the  pile  P^ 
ud  drives  it  by  a  few  (Irokes  as  far  into  the  mud 
^  it  can  go ;  after  which,  the  top  part  is  fawed 
offclofeto  the  mudj  by  an  engine  for  that  pur- 
pofe.,  Immediately  after  the  ram  is  difcharged^ 
the  piece  6  upon  the  follower  C  takes  hold  of  the 
fopcs  tf,./j,  which  raife  the  end  of  the  lever  L,  arid 
Caufe  iti  end  N  to  defcend  and  prcfs  down  the 
forcing'  bar  5  upon  the  little  lever  2,  which  by 
t)ulling  down  the  bolt  T^  unlocks  the  drum  C 
from  the  great  wheel  B ;  and  then,  the  follower, 
being  at  liberty,  comes  down  by  its  own  weight 
^  the  ram  5  and  the  lower  ends  of  the  tongs  flip 
H  ov«r 


100  Of  tbi  Pik' Engine* 

over  the  ftaplc  R^  and  the  weight  of  thcir'had! 
caufes  them  to  fall  outward,  and  (huts  upoi 
it.  Then  the  weight  4  pufhes  up  the  bokrio- 
to  the  drum,  which  locks  it  to  the  great  whcd, 
and  fo  the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  ic  caufes  the 
drum  to  turn  backward,  and  unwinds  the  rope 
from  it,  whilft  the  horfes,  great  whed,  trundle 
and  fly,  go  on  with  an  uninterrupted  mocioD: 
and  as  the  drum  is  turning  backward,  the  coon- 
terpojfe  fF  is  drawn  up,  and  its  rope  ST  wound 
upon  the  fpiral  fufy  D. 

There  are  feveral  holes  in  the  under  fide  of 
the  drum,  and  the  bolt  T  always  takes  the  firft 
one  that  it  finds  when  the  drum  (lops  by  die 
falling  of  the  follower  upon  the  ram  %  until  which 
ftoppage,  the  bolt  has  not  time  to  flip  into  any 
of  the  holes.  | 

This  engine  was  placed  upon  a  barge  on  the 
water,  and  fo  was  eafily  conveyed  to  any  place 
defired. — I  never  had  the  good  fortune  tomit^ 
but  drew  this  figure  from  a  model  which  I  made 
from  a  print  of  it  -,  being  not  quite  (atisfied  widi 
the  view  which  the  print  gives,  t  have  been 
told  that  the  ram  was  a  ton  weight,  and  that  the  * 
guides  b  by  between  which  it  was  drawn  up  and 
'  let  fall  down,  were  30  feet  high.  I  fuppoie  the 
great  wheel  may  have  had  100  coes,  and  the 
trundle  10  (laves  or  rounds ;  fo  »at  the  fly 
would  make  10  revolutions  for  one  of  the  great 
wheel. 
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L  E  C  T.    V. 

Of  bydrofiaticsy  and  hydraulic  machines. 

TH  E   fcicncc  of  hydroftatics  treats  of  the 
nature,  gravity,  preffurc,  and  motion  of    . 
fluids  in   general;   and  of  weighing  folids  in 
them. 

A  fluid  is  a  body  that  yields  to  the  leaft  pret  Definl- 
fure  or  diflerence  of  preflpres.     Its  particles  are  '*  g"  ^^ 
fo  fmall,  that  they  cannot  be  difcerned  by  the  *  "*  * 
beft  microfcopes ;  they  are  hard,  fince  no  fluid, 
except  air  or  fleam,  can  be  prefled  into  a  Icfs 
fpace  than  it  naturally  poflTcfles ;  and  they  mufl: 
be  round  and  fmooth,  feeming  they  are  fo  eafily 
moved  among  one  another. 

All  bodies,  both  fluid  and  folid,  prefs  down* 
wards  by  the  force  of  gravity  :  but  fluids  have 
this  wonderful  property,  that  their  preflure  up- 
wards and  fldewife  is  equal  to  their  preflure 
downwards ;  and  this  is  always  in  proportion  to 
dieir  perpendicular  height,  without  any  regard 
to  their  quantity ;  for,  as  each  particle  is  quite 
free  to  move,  it  will  move  towards  that  part  or 
fide  on  whjch  the  preflure  is  leaft.     And  hence, 
no  particle  or  quantity  of  a  fluid  can  be  at  refl:, 
till  it  is|  every  way  eqjoally  prefled. 
•  To  fliew  by  experiment  that  fluids  prefs  up-  Plate  X, 
ward  as  well  as  downward,  let  yf  5  be  a  long  Fig;  «• 
upright  tube  filled  with  water  near  to  its  top ;  ^^^^^^\^ 
afid  C  D  a  fmall  tube  open  at  both  ends,  and  much  up- 
immerled  into  the  water  in  the  large  one ;  if  the  ward  as 
immerfion  be  quick,  you  will  fee  the  water  rife  ^^^n- 
in  the  foiali  tube  to  the  fame  height  that  it  ftands  ^^^^' 
in  the  great  one,  or  until  the  furfaoes  of  the 
H  2  water 
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^ater  in  both  are  on  the  fame  level :  which  fhews 
that  the  water  is  preflcd  upward  into  the  fmall 
tube  by  the  weight  of  what  is  in  the  great 
one  J  otherwife  it  could  never  rife  therein,  con- 
trary to  its  natural  gravity ;  unlefs  the  diameter 
of  the  bore  were  fo  fmall,  that  the  attrafbion  of 
the  tube  would  raife  the  water }  which  will  ne- 
ver happen,  if  the  tube  be  as  wide  as  that  in  a 
common  barometer.  And,  as  the  water  rifes  no 
higher  in  the  fmall  tube  than  till  its  (urface  be 
on  a  level  with  the  furface  of  the  water  in  the 
great  one,  this  (hews  that  the  preflure  is  not  in 
proportion  to  the  quantity  of  water  m  the  great 
tube,  but  in  proportion  to  its  perpendicular 
height  therein :  for  there  is  much  more  water 
in  the  great  tube  all  around  the  fmall  one,  than 
what  is  raifed  to  the  fame  height  in  the  fmall  one, 
as  it  {lands  within  the  great. 

Take  out  the  fmall  tube,  and  let  the  water 
run  out  of  it ;  then  it  will  be  filled  with  air. 
Stop  its  upper  end  with  the  cork  C,  and  it  will 
be  full  of  air  all  below  the  cork :  this  done, 
plunge  it  again  to  the  bottom  of  the  water  in  the 
great  tube,  and  you  will  fee  the  water  rife  up  in 
it  only  to  the  height  D  \  which  (hews  that  the  air 
is  a  body,  otherwife  it  could  not  hinder  the  water 
from  riflng  up  to  the  fame  height  as  it  did  be- 
fore, namely,  to  A\  and  in  fo  doing,  it  drove 
the  air  out  at  the  top  \  but  now  the  air  is  con- 
fined by  the  cork  C:  and  it  alfo  (hews  that  the 
air  is  a  comprcffible  body,  for  if  it  were  not  fo» 
m  drop  of  water  could  not  enter  into  the  tube. 

The  prelfure  of  fluids  being  equal  in  all  di- 
reftions,  it  follows  that  the  fides  of  a  yeflel  arc  as 
much  preflcd  by  a  fluid  in  it,  all  around  in  any 
given  ring  of  points,  as  the  fluid  below  that  ring 
n  preflcd  by  the  weight  of  aU  that  ftaods  abov€ 

it. 
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it.  Hence  the  preflure  upon  every  point  in  the 
fides,  immediately  above  the  bottom,  is  equal  to 
the  preflTure  upon  every  point  of  the  bottom.  To 
Ihew  this  by  experiment,  let  a  hole  be  made  at  Fig.  2* 
€  in  the  fide  of  the  tube  A  B  clofe  by  the  bot- 
tom ;  and  another  hole  of  the  fame  fizc  in  the 
bottom  at  C ;  then  pour  water  into  the  tube, 
keeping  it  full  as  long  as  you  choofe  the  holes 
fliould  run,  and  have  two  bafons  ready  to  receive 
the  water  that  runs  through  the  two  noles,  until 
you  think  there  is  enough  in  each  bafon ;  and 
you  will  find  by  mcafuring  the  quantities,  that 
they  are  equal;  which  (hews  that  the  water  run 
witn  equal  fpeed  through  both  holes :  which  it 
could  not  have  done,  if  it  had  not  been  equally 
prefifed  through  them  both.  For,  if  a  hole  of 
the  iame  fize  be  made  in  the  fide  of  the  tube,  as 
about  /,  and  if  all  three  are  permitted  to  run 
together,  you  will  find  that  the  quantity  run 
through  the  hole  at/  is  much  lefs  than  what  has 
run  in  the  fame  time  through  cither  of  the  holes 
C  ore. 

In  the  fame  figure,  let  a  tube  be  turned  up 
from  the  bottom  at  C  into  the  (hape  D  Ej  and 
the  hole  at  C  be  ft  opt  with  a  cork.  Then,  pour 
water  into  the  tube  to  any  height,  as  /Ig^  and  it 
will  fpout  up  in  a  jet  EFG^  nearly  as  high  as  it 
is  kept  in  the  tube  A  B^  by  continuing  to  pour 
in  as  much  there  as  runs  through  the  hole  E\ 
which  will  be  the  cafe  whilft  the  fcrface  Ag  keeps 
at  the  fame  height.  And  if  a  little  ball  of  cork 
G  be  laid  upon  the  top  of  the  jet,  it  wi'l  be  fup- 
ported  thereby,  and  dance  upon  it.  The  reafon 
why  the  jet  rifes  not  quite  fo  high  as  the  furfacc 
of  the  water -/ff,  is  owing  to  the  rcfiftanceit  meets 
with  in  the  open  air  :  for,  if  a  tube,  cither  great 
AT  fmall^  was  fcrewed  upon  the  pipe  at  Ej  the 
H  3  water 
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water  would  rife  in  it  until  the  furface  of  the 
water  in  both  tubes  were  on  the  fame  level  j  as 
will  be  fhewn  by  the  next  experiment. 
The  br^  Any  quantity  of  a  fluid,  how  fmall  ibcver, 
ian^ex'  may  be  made  to  balance  and  fupport  any  quan- 
tity, how  great  foever.  This  is  defervcdiy 
termed  the  bydroftatical  paradox^  which  wc  (hall 
firft  (hew  by  an  experiment,  and  then  account  for 
it  upon  the  principle  above  mentioned ;  namely, 
that  the  prejfure  of  fluids  is^  direSfy  as  tbdr  perpen- 
dicular height^  without  any  regard  to  their  quantity. 
,  Let  a  fmall  glafs  tube  DCG,  open  throughout. 
Fig*  3«  and  bended  at  5,  be  joined  to  the  end  of  a  great 
one  Al  2X  cd^  where  the  great  one  is  alfo  open  -, 
fo  that  thcfe  tubes  in  their  openings  may  freely 
communicate  with  each  other.  Then  pour  wa- 
ter through  a  fmall  necked  funnel  into  the  fmall 
tube  at //j  this  watef  will  run  through  the  join- 
ing of  the  tubes  at  cd^  and  rife  up  into  the  great 
tube  J  and  if  you  continue  pouring  until  the  fur- 
face  of  the  water  comes  to*  any  part,  as  ^,  in  the 
great  tube,  and  then  leave  ofi^,  you  will  fee  that 
the  furface  of  the  water  in  the  fmall  tube  will  be 
juft  as  high,  at  D\  fo  that  the  perpendicular 
height  of  the  water  will  be  the  fame  in  both 
tubes,  however  fmall  the  one  be  in  proportion  to 
the  other.  This  (hews,  that  the  fmall  column 
DCG  balances  and  fupports  the  great  column 
Ac  d :  which  it  could  not  do  if  their  preflurcs 
were  not  equal  againft  one  another  in  the  re- 
curved bottom  at  5.-— If  the  fmall  tube  be  made 
longer,  and  inclined  in  the  fituation  G  E  F,  the 
furwce  of  the  water  in  it  will  ftand  at  is  on  the 
fame  level  with  the  furface  A  in  the  great  tube; 
that  is,  the  water  will  have  the  fame  perpendicular 
height  in  both  tubes,  although  the  column  in  the 
fmall  tube  is  longer  than  that  in  the  great  one  ; 

the 
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the  former  being  oblique,  and  the  latter  per- 
pendicular. 

Since  then  the  preflurc  of  fluids  is  direftly  as 
their  perpendicular  heights,  without  any  regard 
to  their  quantities,  it  appears  that  whatever  the 
figure  or  fize  of  v^flels  be,  if  they  are  of  equal 
heights,  and  if  the  areas  of  their  bottoms  are 
equal,  the  preflures  of  equal  heights  of  water  are 
equal  upon  the  bottoms  of  thele  veflels  5  even 
though  the  one  fhould  hold  a  thoufand  or  ten 
thourand  times  as  much  water  as  would  fill  the 
other.  To  confirm  this  part  of  the  hydroftatical  F>g«  4*  5. 
psiradox  by  an  experiment,  lee  two  veflels  be 
prepared  of  equal  heights  but  very  unequal 
contents,  fuch  t^AB  in  Fig.  4*  and  AB  ig  Fig. 
5.  Let  each  veflel  be  open  at  both  ends,  and 
their  bottoms  Dd^  Dd  he  of  equal  widths.  Let 
a  brafs  bottom  CC  be  exactly  fitted  to  each  vef* 
fel,  not  to  go  into  it,  but  for  it  to  ftand  upon  ; 
and  let  a  piece  of  wet  leather  be  put  between 
each  veflel  and  its  brafs  bottom,  for  the  fake  of 
clofenefs.  Join  each  bottom  to  its  I'eflel  by  a 
hinge  Z),  fo  that  it  may  open  like  the  lid  of  a 
box ;  and  let  each  bottom  be  kept  up  to  its 
veflel  by  equal  weights  E  and  E  hung  to  lines 
which  go  over  the  pulleys  F  and  F(whofe  blocks 
arc  fixed  to  the  fides  of  the  veflTels  at/)"and  the 
lines  tied  to  hooks  at  d  and  ^,  fixed  in  the  brafs 
bottoms  oppofite  to  tbe  hinges  D  and  D.  Things 
being  thus  prepared  and  fitted,  hold  the  veflel 
AB  (Fig.  5.)  upright  ift  your  hands  over  a  bafon 
on  a  table,  and  caufe  water  to  be  poured  in:o  the 
veflel  flowly,  till  the  preflure  of  the  water  bears 
down  its  bottom  at  the  fide  d,  and  raifes  the 
weight  E ;  and  then  part  of  the  water  will  run 
out  at  d.  Mark  the  height  at  which  the  furface 
H  of  the  water  flood  in  the  veflTcl,  when  the  bot- 
H  4  torn 


io6  Of  Hydroftatics. 

torn  began  to  give  way  at  d\  and  then,  holding 
up  the  other  veflcl  A  B  (Fig.  4.)  in  the  fame 
manner,  caufe  water  to  be  poured  into  it  at  H\ 
and  you  will  fee  that  when  the  water  rifes  to  A 
in  this  vefTel,  juft  as  high  as  it  did  in  the  former, 
its  bottom  will  alfo  give  way  at  dy  and  it  will 
lofe  part  of  the  water. 

The  natural  reafon  of  this  fqrprifing  pheno- 
menon is,  that  fince  all  parts  of  a  fluid  at  equal 
depths  bclo\v  the  furfi^ce  are  equally  -preffcd  in 
all  manner  of  dircftions,  the  water  immediately 
below  the  fixed  part  5/  (Fig.  4-)  will  be  prefled 
as  much  upward  againft  its  lower  furface  within 
the  vcfrel,  by  the  adlion  of  the  column  Agy  ^ 
it  would  be  by  a  colun)n  of  the  fame  height,  and 
of  any  diameter  whatever ;  (as  was  evident  by 
the  experiment  with  the  tube.  Fig.  ;?.)  and  there- 
fore, (ince  action  and  readion  are  equal  and 
contrary  to  each  other,  the  water  immediately 
below  the  furface  Bf  will  be  pre0ed  as  much 
downward  by  it,  as  if  it  was  immediately  touch- 
ed and  prcffed  by  a  column  of  the  height  |^  Ay 
and  of  the  diameter  Bf:  and  therefore,  the 
^  water  in  the  cavity  B  D  df  will  be  preiled  4s 
much  downward  upon  its  bottom  CC,  as  the 
bottom  of  the  other  veffel  (Fig.  5.)  is  prefled  bjr 
all  the  water  above  it. 
pj  To  illuftrate  this  a  little  farther,  let  a  hole  be 

**  ■  made  at  /  in  the  fixed  top  5/,  and  let  a  tube  G 
be  put  into  it ;  then,  if  water  be  poured  into  the 
tube  Ay  it  will  (after  filling  the  cavity  B  d)  riff 
up  into  the  tube  G,  until  it  comes  to  a  level  with 
that  in  the  tube  Ay  which  is  manifeftly  owipg  to 
the  prefTure  of  the  water  in  the  tube  Ay  upon 
fhat  in  the  cavity  of  the  veflel  below  it.  Con- 
fcquently,  that  part  of  the  top  fi/,  in  which  the 
^ole  is  now  made,  would,  if  corked  up,  be 

prcffcci 
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prefled  upward  with  a  force  equal  to  the  weight 
of  all  the  water  which  is  fupported  in  the  tube  G: 
and  the  fame  thing  would  hold  at  g^  if  a  hole 
were  made  there.  And  fo  if  the^  whole  cover  or 
top  B/ were  full  of  holes,  and  had  tubes  as  high 
as  the  middle  one  Ag  put  into  them,  the  water 
in  each  tube  would  rife  to  the  fame  height  as  it  is 
kept  into  the  tube  A^  by  pouring  more  into  it, 
to  make  up  the  deficiency  that  it  fuftains  by  fup- 
plying  the  others,  until  they  are  all  full :  and 
then  the  water  in  the  tube  A  would  fupport 
tqual  heights  of  water  in  all  the  reft  of  the  tubes. 
Or,  if  ?11  the  tubes  except  A^  or  any  pther  one, 
were  taken  away,  and  a  large  tube  equal  in  di4- 
incter  to  the  whole  top  Bf  were  placed  upon  it, 
^d  cemented  t6  it,  and  then  if  water  were 
poured  into  the  tube  that  was  kft  in  either  of 
the  hoiles^  it  would  afcend  through  all  thp  reft  of 
the  holes,  until  it  filled  the  large  tube  to  the 
fame  height  that  it  ftands  in  the  Imall  one,  after 
ja  fufficient  quantity  had  been  poured  into  it: 
which  Ihews,  that  the  top  Bf  was  prcflcd  up- 
ward by  the  water  under  it,  and  before  any 
hole  was  made  in  it,  with  a  force  equal  to  that 
wherewith  it  is  now  prcfled  downward  by  the 
weight  of  all  the  water  above  it  in  the  great 
tube.  And  therefore,  the  readion  of  the  fixed 
jcop  Bf  muft  be  as  great,  in  prefling  the  water 
downward  upon  the  bottom  C  C,  as  the  whole 
preflurc  of  the  water  in  the  great  tube  would 
pave  been,  if  the  top  had  been  taken  away,  and 
the  water  in  that  tube  left  to  prcfs  diredlly  upon 
the  water  in  the  cavity  B  D  df. 

Perhaps  the  beft  machine  in  the  world  for  Fig.  6. 
idcmonftrating  the  upward  preflure  of  fluids,  is  T'hc  hy^ 
the  hydroftaiic  belk)ws  A ;  which  confifts  of  two  ^^'^^ 
thick  oval  boards,  each  about  16  inches  broad, 
and  18  inches  long,   covered  with  leather,  to 
5  OP^*^ 
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open  and  fhut  like  a  common  bellows,  but  with- 
out valves  \  only  a  pipe  5>  about  three  feet 
high,  is  fixed  into  the  bellows  at  e.  Let  tome 
water  be  poured  into  the  pipe  at  r,  which  will 
run  into  the  bellows,  and  feparate  the  boards  a 
little.  Then  lay  three  weights  b^  r,  ^,  each  wisigh- 
ing  ICO  pounds,  upon  the  upper  board ,  and 
pour  more  water  into  the  pipe  5,  which  will  run 
into  the  bellows,  and  raife  up  the  board  with  all 
the  weights  upon  it ;  and  if  the  pipe  be  kept 
full,  until  the  weights  are  raifcrd  as  high  as  the 
leather  which  covers  the  bellows  will  ^low  them, 
the  water  will  remain  in  the  pipe,  and  fupport 
all  the  weights,  even  though  it  fhould  weigh  no 
more  than  a  quarter  of  a  pound,  and  they  300 
pounds :  nor  will  all  their  force  be  able  to  caufc 
them  to  defccnd  and  force  the  water  out  at  the 
top  of  the  pipe. 

The  reafon  of  this  will  be  made  evident,  by 
confidering  what  has  been  already  faid  of  the 
refult  of  the  preflure  of  fluids  of  equal  heights 
without  any  regard  to  the  quantities.  For,  if  a 
hole  be  made  in  the  upper  board,  and  a  tube  be 
put  into  it,  the  water  will  rife  in  the  tube  to  the 
fame  height  that  it  does  in  the  pipe ;  and  would 
rife  as  high  (by  fupplying  the  pipej  in  as  many 
tubes  as  the  board  could  contain  holes.  Now, 
fuppofe  only  one  hole  to  be  made  in  any  part  of 
the  board,  of  an  equal  diameter  with  the  bore  of 
the  pipe  5;  and  that  the  pipe  holds  juft  a  quar- 
ter of  a  pound  of  water  5  if  a  perfon  claps  his 
finger  upon  the  hole,  and  the  pipe  be  filled  with 
water,  he  will  find  his  finger  to  be  preffed  up- 
ward with  a  force  equal  to  a  quarter  of  a  pound. 
And  as  the  fame  preffiire  is  equal  upon  all  equal 
parts  of  the  board,  each  part  whofe  area  is  efjual 
to  the  area  of  the  hole,  will  be  prefied  upwardwith 
a  force  equal  to  that  of  a  quarter  of  a  pound :  the 

fum 
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fum  of  all  which  preffures  againft  the  under  fide 
of  an  oval  board  16  inches  broad,  and  18  inches 
long,  will  amount  to  300  pounds  \  and  therefore 
fo  much  weight  will  be  raifed  up  and  fupported 
by  a  quaner  of  a  pound  of  water  in  the  pipe. 

Hence,  if  a  man  ftands  upon  the  upper  board.  How  a 
and  blows  into  the  bellows  through  the  pipe  J?,  man  may 
he  will  raife  himfelf  upward  upon  the  board :  ^?^^^  ^'"*' 
and  the  fmaller  the  bore  of  the  pipe  is,  theeafier  ^r^r^  by 
he  will  be  able  to  raife  himfelf.     And  then,  by  his 
clapping  his  finger  upon  the  top  of  the  pipe,  he  breath. 
can  fupport  himfelf  as  long  as  he'  pleafes  ;  pro- 
vided the  bellows  be  air-tight  fo  as  not  to  lofe 
what  is  blown  into  it. 

This  figure,  I  confefs,  ought  to  have  been 
much  larger  than  any  other  upon  the  plate ;  but 
it  was  not  thought  of,  until  all  the  reft  were 
4rawn;  and  it  could  not  fo  properly  come  into 
any  other  plate. 

Upon  this  principle  of  the  upward  preflTurc  of  How  foild 
fluids,  a  piece  of  lead  may  be  made  to  fwim  in  lead  may 
water,  by  immerfing  it  to  a  proper  depth,  and  bemavieto 
keeping  the  water  from  getting  above  it.     Let  ^^l^J^ 
CD  be  a  glafs  tube,  open  throughput,   and 
EFG  a  flat  piece  of  lead,  exadlly  fitted  to  the  pig.  7. 
lowenend  of  the  tube,  not  to  go  within  it,  but 
for  it  to  ftand  upon  \  with  a  wet  leather  between 
the  lead  and  the  tube  to  make  clofe  work.   Lee 
this  leaden  bottom  be  half  an  inch  thick,  and 
held  clofe  to  the  tube  by  pulling  the  packthread 
JHL  upward  at  L  with  one  hand,  whilft  the 
tube  is  held  in  the  other  by  the  upp&r  end  C. 
In  this  fituation,  let  the  tube  be  immerfcd  in 
water  in  the  glafs  vcffel  A  5,  to  the  depth  of  fix 
inches  below  the  furface  of  the  water  at  K ;  and 
then,  the  leaden  bottom  EFG  will  be  plunged 
to  the  depth  of  fomewhat  more  than  eleven  times 

its 


f  lo  Of  Ihfdrofiatm. 

its  own  thicknefs :  holding  the  tube  at  that 
depth,  you  may  let  go  the  thread  ^t  L\  and 
the  lead  will  not  fall  from  the  tube,  but  will  be 
kept  to  it  by  the  upward  prefTure  of  the  water 
below  it,  occafioned  by  the  height  of  the  water 
at  K  above  the  level  of  the  lead.  For  as  lead  is 
11.33  times  as  heavy  as  its  bulk  of  water,  and  is 
in  this  experiment  immerfed  to  a  depth  fome- 
what  more  than  11  .^^3  times  its  thicknefs,  and 
no  water  getting  into  the  tube  between  it  and 
the  lead,  the  column  of  water  EabcG  below  the 
lead  is  prefTed  upward  againft  it  by  the  water 
K  D  EG  L  all  around  the  tube  i  which  water 
being  a  little  more  than  11.33  times  as  high  as 
the  lead  is  thick,  is  fufiicient  to  balance  and  fup- 
port  the  lead  at  the  depth  KE.  If  a  little  water 
be  poured  into  the  tube  upon  the  lead,  it  will 
increafe  the  weight  upon  the  column  of  water 
under  the  lead,  and  caufe  the  lead  to  fall  from 
the  tube  to  the  bottom  of  the  glafs  veflel,  where 
it  will  lie  in  the  fituation  b  d.  Or,  if  the  tube  be 
raifed  a  little  in  the  water,  the  lead  will  fall  by  its 
own  weight,  which  will  then  be  ^00  great  for  the 
prcflure  of  the  water  around  the  tube  upon  the 
column  of  water  below  it. 
How  light  Lcc  C^o  pieces  of  wood  be  plained  quite  fiat,  fo 
wood  may  as  no  water  may  get  in  between  them  when  ihey 
be  made  ^^e  put  together :  let  one  of  the  pieces,  as  i  ^, 
ScboV-  ^  cemented  to  the  bojtom  of  the  veflel  AB 
torn  of  (Fig-  7O  and  the  other  piece  be  laid  flat  and  clofc 
water.  upon  it,  and  held  down  to  it  by  a  ftick,  whilft 
water  is  poured  into  the  veflel;  then  remove 
the  ftick,  and  the  upper  piece  of  wood  will  not 
rife  from  the  lower  one :  for,  as  the  upper  one  is 
preflTed  down  both  by  its  own  weight  and  the 
weight  of  all  the  water  over  it,  whilft  the  C09- 
jtrary  preflfure  of  the  water  is  kept  off  by  the 

wood 
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vood  under  it,  it  will  lie  as  ftill  as  a  ftone  would 
do  in  its  place.  But  if  it  be  raifed  ever  fo  little 
at  any  edge^  fome  water  will  then  get  under  it ; 
which  being  afted  upon  by  the  water  above,  will 
immediately  prefs  it  upward  •,  and  as  it  is  lighter 
than  itS/bulk  of  water,  it  will  rife,  and  Boat  upon 
the  furface  of  the  water. 

AH  fluids  weigh  juft  as  much  in  their  own 

elements  as  they  do  in  open  air.    To  prove 

this  by  experiment,  let  as  much  (hot  be  put  into 

a  phial,  as,  when  corked,  will  make  it  fink  in 

water:    and    being    thus    charged,  let   it   be 

weighed,  firfl:  in  air,  and  then  in  water,  and 

the  weights  in  both  cafes  wrote  down.     Then, 

as  the  phial  hangs  fufpended  in   water,  and 

counterpotfed,  pull  out  the  cork,  that  water  may 

run  into  it,  and  it  will  defcend,  and  pull  down 

that  end  of  the  beam.    This  done,  put  as  much 

weight  into  the  oppofite  fcale  as  will  reftore  the 

cquipoife ;  which  weight  will  be  found  to  anfwcr 

exa£Uy  to  the  additional  weight  of  the  phial  when 

it  is  again  weighed  in  air,  with  the  water  in  it. 

The  velocity  with  which  water  fpouts  out  at  a  The  vdo- 
holc  in  the  fide  or  bottom  of  a  veflel,  is  as  the  dty  of 
•  fquare  root  of  the  depth  or  diftance  of  the  fpouung 
hole  below  the  furface  of  the  water.     For,  in  ^*^^''" 
order  to  make  double  the  quantity  of  a  fluid 
run  through  one  hole  as  through  another  of  the 
iame  fize,  it  will  require  four  times  the  prcfliire 
of  the  other,  and  therefore  muft  be  four  times 
the  depth  of  the  other  below  the  furface  of  the 
water :  and  for  the  fame  reafon,  three  times  the 
quantity  running  in  an  equal  time  through  the 

•  The  fquare  root  of  any  number  is  that  which  being 
multiplied  by  itfclf  produces  the  faid  number.  Thus,  i  is 
the  fquare  root  of  4,  and  3  is  the  fquare  root  of  9 :  for  « 
multiplied  by  2  produces  4,  and  3  multiplied  by  3  pro- 
duces 9,  ^'C. 

facnc 
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fame  fort  of  hole,  muft  run  with  three  times 

the  velocity,  which  will  require  nine  times  the 

preflurc ;  and  confequently  muft  be  nine  times 

as  deep  below  the  furface  of  the  fluid  :  and  fo 

on. — To  prove  this  by  an  experiment,  let  two 

F^'g-  S»     pipes,  as  C  and  g^   of  equal   fized    bores,    be 

fixed  into  the  fide  of  the  veffcl  A  B  \  the  pipe 

g  being  four  times  as  deep  below  the  furface  of 

the  water  at  b  in  the  vefTel  as  the  pipe  C  is :  and 

whilft  thefe  pipes  run,  let  water  be  conftantly 

poured  into  the  veflel,  to  keep  the  furface  ftiU 

at  the  fame  height.    Then,  it  a  cup  that  holds 

a  pint  be  fo  placed  as'  to  receive  the  water  that 

fpouts  from  the  pipe  C,  and  at  the  fame  moment 

a  cup  that  holds  a  quart  be  fo  placed  as  to  receive 

the  water  that  fpouts  from  the  pipe^,  both  cups 

will  be  filled  at  the  fame  time  by  their  refpec- 

tive  pipes. 

The  hori-     The  horizontal  diftance,  to  which  a  fluid  will 

zontal       fpout  from  a  horizontal  pipe,  in  any  part  of  the 

^^^w\    ^^^^  ^^  ^"  upright  vefTel  below  the  furface  of  the 

l^t^  will  ^"'^»  ^^  tquA  to  twice  the  length  of  a  perpen- 

fpottt        dicular  to  the  fid^  of  the  vefTel,  drawn  from  the 

from        mouth  of  the  pipe  to  a  femicircle  defcribed  upon 

P'P"^       the  altitude  of  the  fluid:   and  therefore,  the 

fluid  will  fpout  to  the  greateft  diftance  poflible 

from  a  pipe,  whofe  mouth  is  at  the  center  of 

the  femicircle ;  becaufe  a  perpendicular  to  its 

diameter  (fuppofed  parallel  to  the  fide  of  the 

vefTel)  drawn  from  that  point,  is  the  longeft  that 

can  pofTibly  be  drawn  from  any  part  of  the 

diameter  to  the  circumference  of  the  femicircle. 

Fig.  8.     Thus,  if  the  vefTel  ^  5  be  full  of  water,  the 

horizontal  pipe  D  be  in  the  middle  of  its  fide, 

and  the  femicircle  N  d  c  bhe  defcribed  upon  D 

as  a  center,   with  the  radius  or  femidiameter 

Dg  N^  or  Dfbj  the  perpendicular  D  d  to  the 

diameter  iV^  D  ^  is  the  longeft  that  can  be  drawn 

from 
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from  anjr  part  of  the  dlametfcr  to  the  circumfe- 
rence N  d  cb.  Ahd  if  the  veffcl  be  kept  full, 
the  jet  G  Will  fpout  from  the  pipe  2),  to  the 
horizontal  diftance  JVM,  which  is  double  the  ' 
length  of  the  perpendicular  D  d.  If  two  other 
pipes,  as  C  ind  £,  be  fixed  into  the  fide  of  the 
V€dTel  at  equal  dift^nces  above  and  below  the 
pipe  D,  the  perpcridiculars  C  c  and  E  e^  from 
thefe  pipes  to  the  femicii'd^,  will  be  equal  ^  arid 
the  jets  F  Arid  H  fpoutihg  from  therti  will  each 

fo    to  the  horizontal  diftance  NK\  which  is 
ouble  the  length  of  either  of  the  equal  perpen- 
diculars C  c  or  E  H. 

Fluids  by  their  pfellur*  may  be  conveyed  over  How  wa- 
hills  and  vallies  in  bended  pip6s,  to  any  height  ^  ^^^ 
not  greater  than  the  level  of  the  fpring  from  veycd' 
whence  they  flow.     But  when  they  are  deflgned  over  hills 
to  be  raifed  higher  than  the  fprings,  forcing  en-  and  val- 
gines  muft  be  ufed  •,  which  fliall  be  defcribed*!'"' 
when  wc  come  to  treat  of  pumps. 

A  fyphoHj  generally  ufed  for  decanting  li- 
quors, is  a  bended  pipe,  whbfe  legs  are  of  un- 
equal lengths  ;  and  the  fhorteft  leg  mud  always 
be  put  into  the  liquoi*  intended  to  be  decanted, 
that  the  perpendicular  altitude  of  the  column  of 
liquor  in  the  other  leg  may  be  longer  than  the 
column  in  the  immerfed  leg,  efpecialiy  above 
the  furface  of  the  water.  For,  if  both  columns 
were  equally  high  in  that  refpeft,  the  atmo- 
fphere,  which  preffes  as  much  upward  as  down- 
ward, and  therefore  afbs  as  much  upward 
againft  the  column  in  the  leg  that  hangs  without 
the  veffel,  as.  it  ads  downward  upon  the  fur- 
face  of  the  liquor  in  the  vefTel,  would  hinder 
the  running  of  the  liquor  through  the  fyphon, 
even  thou^  it  were  brought  over  the  bended 
part  by  fudion.  So  that  there  is  nothing  left  to 
3  caufe 
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caufe  the  motion  of  the  liquor,  but  the  fuperior' 
weight  of  the  column,  in  the  longer  leg,  on 
account  of  its  having  the  greater  perpendicular 
height, 
tig*  9*  Let  Z)  be  a  cup  filled  with  water  to  C,  and 
ABC 2L  fyphon,  whofe  (horter  leg  5  C  F  is  im- 
merfed  in  the  water  from  C  to  F.  if  the  end  of 
the  other  leg  were  no  lower  than  the  line  AC^ 
which  is  level  with  the  furface  of  the  water,  the 
fyphon  would  not  run,  even  though  the  air 
Inould  be  drawn  out  of  it  at  the  mouth  A.  For 
althoiigh  the  fudtion  would  draw  fome  water  at 
firft,  yet  the  water  would  (top  at  the  moment 
.  the  fudtion  ceafed ;  becaufe  the  air  would  ad  as 
much  upward  againft  the  water  at  A^  as  it  aAed 
downward  for  it  by  prefllng  on  the  furface  at  C. 
But  if  the  leg  A  B  comes  down  to  G,  and  the 
air  be  drawn  out  at  G  by  fudion,  the  water  will 
immediately  follow,  and  continue  to  run,  until 
the  furface  of  the  water  in  the  cup  comes  down 
to  Fi  becaufe,  till  then,  the  perpendicular 
height  of  the  column  BAG  will  be  greater  than 
that  of  the  column  C  B  ;  and  confequently,  its 
weight  will  be  greater,  until  the  furface  conies 
down  to  Fj  and  then  the  fyphon  will  ftop^ 
though  the  leg  C  F  fhould  reach  to  the  bottom 
of  the  cup.  For  which  rcafon,  the  leg  that 
hangs  without  the  cup  is  always  made  long 
enough  to  reach  below  the  level  of  its  bottom ; 
as  from  dtoE:  and  then,  when  the  fyphon  is 
emptied  of  air  by  fu6lion  at  Ey  the  water  im- 
mediately follows,  and  by  its  continuity  brings 
away  the  whole  from  the  cup  j  juft  as  pulling 
one  end  of  a  thread  will  make  tht  whole  clue 
follow. 

If  the  perpendicular  height  of  a  fyphon,  from 
the  furface  of  the  water  to  its  bended  top  at  B^ 
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e  than  33  feet,,  it  will  draw  no  water, 
ough  the  other  leg  were  much  longer, 

fyphon  quae  emptied  of  air  %  becaufe 
ght  of  a  column  of  v/ater  33  feet  high 
1  to  the  weight  of  as  thick  a  column  of 
ching  from  the  furface^  of  the  earth  to 
I  of  the  atmofphere  \  fo  that  there  will 
e   an    equilibrium,    and    confequently, 

there  would  be  weight-  enough  of  air 
le  furface  C  to  make  th'^  water  alcend  in 

C  B  almoft  to  the  height  £,  if  the  (y- 
ere  emptied  of  air,  yet  that  weight  would 

fufficicnt  to  force  the  water  over  the 
and  therefore,  it  could  never  be  brought 
LOthelegfi^G. 

I  hole  be  made  quite  through  the  bottom  ?\g.  10. 
:up  i^,  and  the  longer  leg  of  the  bended  T^f^t^us's 

DEBGbe  cemented  into  the  hole,  fo^*^- 
:  end  D  of  the  (horter  leg  D  £  may  al- 
iHJch    the   bottom  of   the   cup    within, 
if  water  be  poured  into  this  cup,  it  will 
the  (horter  leg  by  its  upward  preffure, 
out  the  air  all  the  way  before  it  through 
;er  leg:  and  when  the  cup  is  filled  above' 
id  of  the  fyphon  at  /%  the  preflurt:  of. 
er  in  the  cup  will  force  it  over  the  bend 
yphon  -,  and  it  will  defcend  in  the  longer 
f  Gy  and  run  through  the  bottom,  until 

be  eiiiptied. 

is  generally  called  Tanlalus^s  cup^  and 
;  of  the  fyphon  in  it  are  almoft  clofe  to- 

and  a  little  hollow  ftatue,  or  figure  of 
is  fomttimes  put  over  the  fyphon  to  con- 

the  bend  E  being  within  the  neck  of 

ire  as  high  as  the  chin.     So  that  poor 

Tantalus  ftands  up  to  the  chin  in  water, 

ng  it  will  rife  a  little  higher,  and  he 

I  may 
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may  drink ;  but  ihftead  of  thac^  wbte  'tl»  ilkxtt 

comes  mp  t6  his  chin,  k  irihnfediittly  b^gj^i  lb 

defcend,  and  fo,  as  he  cahiAdt  ftMp  t6  Ibllow 

it,   he  is  left  as  much  jpsdhed  with  thirft  ii 

ever. 

rbi  /nm-     T^^  device  called  the  fountain  dt  edmmmi 

imm  €t     afts  upon  the  fanrte  principle  with  Ac  fyphoh  in 

««««^-  the  cup.     Let  two  veffcls  /I  and  B  be  joined 

Fiflr^i  *  ^^^^her  by  the  pipe  C  which  opens  into  them 

^'    '     both.    Let  A  be  open  at  top,  B  clofe  b6t!h  * 

top  and  bottom  (fave  only  a  foniall  \uHc  at  ^  to 

let  the  air  get  out  of  the  veflfel  S)  and  >f  be  of 

foch  a  fize,  as  to  hold  about  fix  tinnfes  ib  tAuA 

water  as  S.    Let  a  fyphon  DEFht  foldercd  tO 

the  vcffel  D,  fo  that  the  part   DEi  tnay  bit 

within  the  veffcl,  and  F  without  it ;  the  ciid  D 

almoft  touching  the  bottom  of  the  veflel,  and 

the  end  F  below  the  level  of  D :  the  vdBcI  B 

hanging  to  A  by  the  pipe  C  (foldered  into  both) 

and  the  whole  fupported  by  the  pillars  G  and  H 

upon  the  (land  /•    The  bore  of  the  pipe  mtift 

be  confiderably  lefs  than  the  bore  of  the  fjf* 

phon. 

The  whole  being  thas  conftrofted,  let  the 
veffel  A  be  filled  with  water,  which  wifl  ran 
through  the  pipe  C,  and  fill  the  veflel  B.  When 
S  is  filled  above  the  top  of  the  fyphon  at  £,  ch6 
water  will  run  through  the  fyphon,  and  be  di(^ 
charged  at  F.  But  as  the  bore  of  the  fyphoo 
is  larger  than  the  bore  of  the  pipie,  the  fyplnn 
will  run  fader  than  the  pipe,  and  will  iboii 
empty  the  veflel  B\  upon  which  the  water  irill 
ceafe  from  running  through  the  fyphon  at  P^ 
until  the  pipe  C  re-fills  the  veflel  Bj  and  dien  it 
will  begin  to  run  as  before.  And  thus  the  fy* 
phon  will  continue  to  run  and  flop  akerntftely^ 
until  all  the  water  m  the  veflel  A  iM  rm 

through 
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thfOti^  the  pipe  C^r^  thtft  after  a  few  tHati; 
otte  ntiiy  tmy  gueft  about  what  time  the  fy* 
phbii  wtll  ftop,  dnd  wh^h  it  will  begin  to  run  I 
sAd  tten^  16  amufe  otters^  he  m&y  call  cmjloy^ 
of  nrif,  acook'dhigly. 

Upon  thi^  principle,  we  may  eafily  account  tntirmii* 
for  iHtetthihir^  or  reciprocating  Jprings.     letting 
AAht  ^art  or  a  hiU^  within  which  there  is  i^v* 
cai^ity  B  B  %   ahd  from  this  cavity  a  veiii  or  Fig.  z. 
channel  running  in  the  dire£tion  BCDE.    'the 
MAa  thlit  ftlls  upon  the  fide  of  the  hill  will  fink 
afid  ftrAiA  thfo\igh  the  fmall  pores  and  cranie3 
G>  t;,  G)  G ;  ahd  fill  the  cavity  with  water  K. 
When  the  water  riftis  to  the  level  HH  C,  the 
Vtin  BCDE  Will  hit  filled  to  C,  and  the  wato* 
VKH  rUii  through  CDF  ^s  through  a  fyphohi 
Which  runnihg  will  continue  until  the  cavity  be 
eAiptied^  and  then  ic  Virill  ftop  until  the  cavity 
bfc  filled  dgaih. 

The  coMidh  /Mn/  (improperly  called  the  fuci''  The  earn. 
iUgpun^)^  with  which  we  draw  water  out  dimonpua^. 
^Ihyis  ah  ehgihe  bbth  pneumatic  and  hydraulic. 
It  cbhfifts  of  a  pipe  open  at  both  ends,  in  which 
w  a  nk)veable  pifton  or  bucket,  as  big  a^  thb 
ttore  of  the  ^ipe  in  that  part  wherein  it  works  % 
inU  is  le&tTicred  rouiid,  f6  as  to  fit  the  boiie 
-  eUdly ;  arid  niay  be  mbved  up  and  down,  with- 
VUt  fufferihg  any  air  to  come  between  it  and  the 
pipe  or  pXifHp  barrel. 

We  mail  explain  the  conftruftion  both  of 
ihi^  and  the  fbrcing-pump  by  piftures  of  glafs 
ftiodds,  in  which  t^h  the  adion  of  the  piltons 
nnd  motion  of  the  valves  are  fecn. 

Hold  the  model  DCSL  upright  in  the  vcflcl  p. 
of  water  JT,  the  water  being  deep  enough  to   '^*  ^* 
nfe  at  leaft  as  high  as  from  /i  to  L.    The  valine 
a  ot  the  moveable  bucket  G,  and  the  valve  ^ 
I  2  on 
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S09  at  every  time  the  bucket  \%  raifed;,  t^ 
valve  b  rifes,  and  the  valve  4  falls;  ancf  at  ev^ry 
time  the  bucket  is  ^epr^flcd^  this  valye  h  faffs'j 
and  a  rifcs. 

As  it  is  the  preflbre  of  the  air  or  atnio(p|ierf 
which  caufes  the  water  tQ,  rife,  4pd  fonQ.w  the 
pifton  or  bucket  G  as  it  is  dfawq'  up  \  and  (incc 
a  column  of  water  33  feet  high  is  of  equal 
weight  with  as  thick  &  column  or  the  dtmo^ 
Ibhcre,  from  the  earth  to  the  very  top  of  the  air: 
therefore,  the  perpendicular  height  of  ^he  pifton 
or  bucket  from  the  furfacc  of  the  water  iti  the 
well  muft  always  be  lefs  than  33  feet'^  otberwife 
the  water  will  never  get  above  the'buckc;^. 
But,  when  the  height  is  lefs,  the  preflurc  of  the 
atmofphere  will  be  greater  than  the  weight  of 
the  water  in  the  pump,  and  will  therefore^  raife 
it  above  the  bucket :  and  when  the  water  has 
once  got  above  the  bucket,  it  may  lie  liftea 
thereby  to  any  height,  if  the  rod  D  be  made 
long  enough,  and  a  Tufficient  degree  of  ftrength 
be  employed,  to  raife  it  with  (he  weight  of  the 
water  above  the  bucket. 

The  force  required  to  work  a  pump,  wi^  be 
as  the  height  to  which  the  water  is  raifeid,  and 
as  the  fquare  of  the  diameter  of  the  pump-bore, 
in  that  part  where  the  pi(^on  works.  Sf>  tliar, 
|f  two  pumps  be  of  equal  heights,  and  6ne  of 
them  be  twice  as  wide  in  the  bore  as  the  other, 
the  wideft  will  raife  four  rimes  as  much  water 
as  the  narroweft;  and  will  therefore  require  four 
times  as  much  ftrength  to  work  it.    ' 

The  widenels  or  narrownefs  of  the  pump,  in 
any  other  part  befides  that  in  which  the  pifton 
works,  does  not  make  the  pum^  either  more  or 
lefs  difficult  to  work,  except  whdt  di^rence 
may  arife  from  the  friAion  of  the  water  in  the 

bore; 
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ho»%  which  ia  always  Rrcattr  in  a  narrow  bore 
chaQ  in  %  ^icle  one,  oecauf^  of  the  greater 
veio^ty  of  the  wtcec* 

The  pump-rod  is  never  raifed  diredly  bf  fuch 
t  handle  as  E  at  the  top,  but  by  means  of  a 
lever,  who^  longer  arm  (at  the  end  of  whigh 
the  power  is  applied)  generally  exceeds  tlje 
length  of  t|)e  lho]|ter  arm  five  or  fix  times;  and,  , 
by  that  means,  it;  gives  five  or  fix;  times  as  muqh 
'  advantage  to  the  power.  Upon  thefe  principles, 
it  wiU  be  ea(y  to  pnd  the  dimenfions  of  a  pump 
that  fljall  work  with  a  given  force,  and  draw 
water  from  any  given  depth.  But,  as  thej^ 
calcuitfitions  haveioeen  generally  negleAed  by 
pump-'makers  (either  for  want  of  fkill  or  iq- 
.  duftrv)  the  following  table  was  calculated  by  tj|e 
late  ingenious  Mr.  Booth  for  their  benefitt. 
In  th&  calculation,  he  fuppofed  the  handle  pf 
the  pump  to  be  a  lever  increafing  the  powqr 
five  times  1  and  hfid  often  found  that  a  man  cap 
'ivork  a  pump  fouf  inches  diameter,  and  30  feqt 
high,  and  difchar^  27^  gallons  of  water  (Eng- 
lim  wjne  meafure)  in  a  mmute.  Now,  if  it  be 
itquij^ed  to  find  $ie  diameter  of  a  pump,  th^t 
ttaXX  raife  water  \|rith  the  fafne  eafe  from  anv 
other  height  abov^  the  furface  of  the  welt\  look 
for  that  height  in  the  firft  column,  and  oveij- 
ligainft  it  iq  the  fecond  you  have  t^e  diameter  qr 
width  of  the  pump ;  arid  in  the  i^hird,  you  find 
ihc  qyiaqtity  of  water  which  a  man.  of  ordinary 
j9w^i^b  pm  4ifc:h»rge  in  a.  n)inut|s« 

^  I-  hare  uicen  tbc  liberty  to  ipike  i^  ft«v  alterations  in 
llr.  Bo^^i  Dombert  ia  the  ttUci  and  to  lengthen  it  oo^ 
frtmiSc)  Actio  109. 
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f>f  l^ofauTit  tnghts. 


The 

forcing" 
fump. 


Height  of  liic 

Diameter   of   the 

\Y«tcr  difcharged    n 
a  misto,    EnglHh 

pump  above 

bore  ulbere  (be 

the  furfece  of 

backet  work*- 

wine  roeaAire. 

the  well. 

^ 

^  1 

ft 

r  1 

f  ^ 

• 

.             rt 

10. 

i" 

10 

6     .93 

81      6 

'5 

5     .66 

54      4 

20 

4     -9® 

40      7 

25 

4     ..?8 

3a      6 

30 

4     .00 

27         2 

35 

3     -70 

23         ? 

40 

3     .46 

20        3 

45 

3     '27 

18         I 

50 

3     .«o 

16        ^ 

55 

a     i95 

«4      7. 

60 

2     .84 

>3      5 

65 

2     .72 

12      4 

70 

2       .62 

M      5 

75 

2     -53 

10      7    ■  - 

80 

2        .45 

10      2 

^5 

2       .38 

9      5 

90 

a     .3« 

9      » 

95 

2     .25               8      5 

I       ^^9 

2     .19                8       I 

The  forcing  pump  raifcs  water  through  the 
box  //  in  the  fame  manner  as  the  fucking-pump 
does,  when  .the  plunger  or  pifton  g  h  lifce^ 
up  by  the  rod  D  d.  But  this  plunger  has  00 
hole  through  it,  to  let  the  water  in  the  barrel 
BC  get  above  it,  when  it  is  depreflec)  to  Bj  and 
the  valve  i  (which  rofe  by  the  afcent  of  the 

water 
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water  through  the  box  H  when  the  plunger  g 
wa9  drawn  up)  falls  down  and  flops  th?  hole  \xi 
pj  dieipoment'th^t:  the  plunger  is  raifed  to  its 
gresiteft  height.  Therefore,  as  tjic  water  bc- 
fween  the  plunger  g  and  box  H  can  neither  gee 
through  the  plunger  upon  its  defcent^  nor  back 
again  into  the  lower  part  of  the  pump  L  e^  bpt 
has  a  free  paflage  by  the  cavity  around  H  into 
the  pipe  MA^9  which  opens  into  the  air- vcfle) 
JCK^t  Pi  the  water  is  forced  through  the  pipe 
MM  by  the  defcent  of  che  plunger,  and  drivea 
into  the  air-vcflel ;  and  in  running  up  through 
the  pipe  at  P,  it  opens  the  valve  a  ^  which  (huts 
at  the  moment  the  plunger  begins  to  be  raifed, 
jbecaufe  the  a&ion  or  the  water  againfl:  the  upd^r 
fide  of  the  valve  then  ceafes.    '" 

The  water,  being  thus  forced  into  the  air- 
vcffcl  KK  by  repeated  ftrokes  of  the  plunger, 
gets  above  the  lower  end  of  the  pipe  GHI^ 
an(1  then  begins  to  condenfe  the  air  in  the  veflel 
JCK*  For,  as  the  pipe  G  H  is  fixed  air-tight 
into  the  veflel  below  F,  and  the  air  has  no  way 
to  get  out  of  the  veflel  but  through  tne  mouth 
pf  the  pipe  at  /,  and  cannot  get  out  when  the 
mouth  1  is  covered  with  water,  and  is  more 
i^nd  more  conflenfed  as  the  water  rifes  upon 
the  pipe,  the  air  then  begins  to  aft  forcibly  by 
its  fpring  againft  the  furface  of  the  water  at  H: 
and  this  aftion  drives  the  water  up  through  the 
pippJHG  Fj  from  whence  it  fpouts  in  a  jet  S 
to  a  great  height  ^  and  is  I  applied  by  alternately 
raifing  and  deprelllng  of  the  plunger  ^,  which 
^onftantly  forces  the  water  that  it  railes  through 
the  valve  ff^  along  the  pipe  MM,  into  the  air- 
veflel  KK. 

The  higher  that  the  furface  of  the  water  H  is 
raifed  in  the  air-v^flel,  the  lefs  fpace  will  the 

air 


air  be  cqndep/ed  into,  whijch  before  filkd  that 
vefleri  and  tbef^^re  the  forc^  9^  its  fprin^  w^ 
befo.  Qii;ch  the  ftrqn^er^Mn  the  water  mi^ 
will  drlYC  it  ^fth  the  grea^  force  through  the 

S)jjp;e  at  JP;  and  as  the  rpring  of  the  ajr  coii* 
uiu(;s  whil^  tt^e  plunger  ^  ia  rifing,  the  ftrea^ 
QT  jet  S  will  be  untfbVmv  is  long  as  the  adion 
of  the  plunger  continues :  anfl  when  the  vahe  ^ 
9pens,  to  let  the  water  fqllo^v  the  plunger  up- 
ward, the  valyi^  f^  ^^tSy  \o  hinder  the  wateCt 
vf h^cl^  i$  forced  intjp  thp  ^ir  veiTei,  from  running 
bjack  b|](  tl)e  pipe  MA^  into  the  barrel  of  (he 
iwnip, 

^' there  yf^  no  air-veflel  to  this  engine,  the 
pipe  GH I  would  be  jpine^  ^o  the  pipe  MM  ft 
at  P ',  and  then,  the  jet  S  would  Hop  every 
titne  the  plunger  is  raifed,  and  run  only  when 
tlie  plunger  is  deprefled. 

Mr.  l{ewfi>^nCs  water-engine,  for  extinguilli*t 
ipg  fy^%  confiiis  9f  two  forcing-pumps^  which 
i^tipFnat;I)[  ^riye  wafer  into  a  clQfe  veuel  of  ^\t\ 
^p4  b;  forcing  the  water  mto  that  veflel,  the 

3ir  in  i(  is  thereby  copdenfed,  and  comprefle^ 
be  wa^er  fo  ftrongly,  th^t  it  i^ufhes  out  with 
gteat  impetiiofity  ^ad  force  throiig^h  a  pipe  t;hat 
(^qmes  down  into  it ;  and  makes  a  continued 
ynifbrm  ftreai;n  by  the  copdenfation  of  the  ^r 
vpon  its  furfa,ce  in  the  vefl^L 

B>  meaps  of  forcing-pumps,  water  m^  ht 
Mifed  to  any  height  above  the  level  of  a  rive^ 
or  fpringi  and  machines  may  b^  qontrivec| 
to.  work  thefe  puipps,  either  by  a  runniii^ 
ftreao),  a  fall  of  water,  or  by  horie^  Ax^ 
inftance  in  each  fprt  will  be  (udicimt  to  fli^^t 
the  metliod. 


Firft, 


Plate  31 
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FiriL  by. a  running  ftream,  or  a  fall  of  wa-  HateXih 
:cr.  Let  Vi^'tfe  a-wjiccl,  tumeJ  &  ihc  ^  Rg  «• 
3f  wat^r  BBi^Ti^  Have  any  number  of  cranks 
[iuppofe  fii;  asTJ,  Z^,  $9^%  6,^^,  on  it?  axi^ 
accprdingtb  tlic  ttrength  of  the'^all'^f  wat^c^ 
uid  the  height  to  which  the  water  is  intendei(l  c^ 
t)e  raifed  by  the  engine.    As  the  wheel  tiirQ^ 


the  otl^cr  iron  rods>^  j,  r^f,  /,  u,  w,  y/j,^  m 
twelve  jpupps »  nin^  wherepf,  as  Z,  ilf,  ^,  0^  Ci^ 
i^'/f,*  5,'  ?",  appear  in  thcj  pla^;  thi?  qthf^  ^hrcc 
|Seinjg|  hid  bemnd  the  work'  at  K  And  ^.  pip9^ 
n^y  go  ^roni  all  itliefe  duoids,  ^o  convey  the 
watipr  Cdra^wn  up  ^y  tii^m  to  a  fmall  height)  intQ 
a  clqfe  ciftern,  frorn  Which  t|ie  rf  aim  pipie'gQes 
61^  the  watjcr  will  bjif:  forced  in.tp.  this  ^  ciftern 
by  the  defcent  of  t^e  piftons.  And'  as  each 
ptpcj  going  from  its  refpedlive  pump  into  the 
ciftern,  has  a  va^ve  at  its  eijid  in  ;he  ciftern, 
tbefe  valves  will  hinder  the  return  of  libe  water 
^j  the  pipes;  and t^'erefbrCt  wKfn.  the  cillcra 
IS  qncf  fully  each  piffon  upon  i^ts  d^fc^ot  M[iU 
fcrce  the  water  (cQnycycd[  imjp  the  ciffcra  by  a 
foWe?  ftrpke)  ujp'thc  main  pip^,^  ^.  ijh? 
height  the  engin?  ^f^  iA.tead;d  to'r^<V  '^* 
Fbich  height  depends  upon  the  quantity  raifed» 
i^nd  the  ppvvtr  \hii  tgrh.s.  the  wheel  Wb?i^ 
It^e  poijfer  upon  the  whc«l  is  Ie0iciic4.  ^y  any 
dcfeft  of  the  quantity  of  waiter  ty^in^  i^,  a 

!)roportiQtfiable  nginber  of  the  pui^ips  may  be 
et  a[i«)e^  by  difenga^jig  thcif  rods  fr;oip  thj 
vibratliig  levers, 

*Thh  figure  is  a  rcprefentation  qf  the  engine 

ercaei^  at  f^enb^im  for  t.he  Duke  of  ^(irlkorough^ 

l^y  th?  l^cc  ingenious  Kir.  Aldprjca.    Tijp  ^ater- 

I  ""    wheel 
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wheel  is  7I  feet  in  diameter^  according  to  Mft 
SwUzij^B  account  in  his  Hydraulics, 

When  fuch  a  machine  is  placed  in  a  ilraim 
that  runs  upon  a  fmall  decliviryy  the  motion  of 
the  levers  and  aftion  of  the  pumps  will  be  but 
flow  -y  fmce  the  wheel  mud  go  once  round  for 
each  ilroke  of  the  pumps.    But,  when  there  ii  a 
large  body  of  flow  running  water,  a  cog  or  (pur- 
wheel  may  be  placed  upon  each  (im  of  the 
*  water-wheel  AJ^  upon  its  axis,  to  turn  a  trundle 
upon  each  fide;  the  cranks* being  upon  the  axis 
of  the  trundle.    And  by  proportioning  the  cog- 
wheels to  the  trundles,  the  motion  of  the  pomps 
may  be  made  quicker,  according  to  thequanuty 
and  ilrength  of  the  water  upon  the  firft  wheeU 
which  may  be  as  great  as  the  workman  picaies; 
according  to  the  length  and  breadth  of  tne  float- 
boards  or  wings  of  the  wheel.    In  this  manner, 
the  engine  for  raifing  water  at  LondoihBriii  is 
conjlrufted  -,   in  which,  the  water-wheel  is  20 
feet  diameter,  and  the  Boats  14  feet  long. 
A  pomp.      Where  a  ftream  or  fall  of  water  cannot  be  had, 
engine  to  ^nd  gentlemen  want  to  Have  water  nufed,  and 
go  by       brought  to  their  houfes  from  a  rivulet  or  fpringi 
horfes.      ji^jj  n^^y  be  effefted  by  a  horfe-engine,  worki^ 
Pj  three  forcing  pumps  which  (land  in  a  refervoir 

filled  by  the  fpring  or  rivulet:  the  piftons  bang 
moved  up  and  down  in  the  pumps  by  means  of  a 
triple  prank  ABC^  which,  as  it  is  turned  round 
by  the  trundle  G,  raifes  and  deprefles  the  rods 
P^E^F.  The  trundle  may  be  turned  by  fuch  a 
wheel  as  Fin  Fig.  1.  of  Plate  VIII,  having  leveri 
y^^^y^  on  its  upright  axle,  to  which  homs  maj 
be  joined  for  working  the  engine.  And  if  the 
wheel  has  three  times  as  many  cogs  as  the 
trundle  has  ilaves  or  rounds,  the  trundle  and 
f:ranks  will  make  three  revolutions  for  every  one 

of 
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of  the  wheel :  and  as  each  crank  will  fetch  a 
ftroke  in  the  dtne  it  goes  rounds  the  three  cranks 
will  make  nine  ftrokes  for  every  turn  of  the  greac 
wheel. 

The  cranks  (hould  be  made  of  caft  iron,  be« 
caufe  thai  will  not  bend ;  and  they  (hould  each 
make  an  angle  of  120  with  both  of  the  others^ 
as  at  a^t^y  which  is  (as  ic  were)  a  view  <xf  their  piaio  xit. 
radii^  in  looking  endwife  at  the  axis :  and  then  Fig«  s. 
there  will  be  always  one  or  other  of  them  going 
downward»  which  will  pufli  the  water  forward 
with  a  continued  ftream  into  the  main  pipe. 
For,  when  t  is  almoft  at  its  loweft  poliion,  and 
is  therefore  juft  beginning  to  lofe  its  a£tion  upon 
the  pifton  which  it  moves,  c  is  beginning  to  move 
downward,  which  will  by  its  pifton  continue  the 
propelling  force  upon  the  water :  and  when  c  is 
come  down  to  the  pofition  of  ^,  a  will  be  in  the 
pofitionofr. 

The  more  perpendicularly  the  pifton  rods 
move  up  and  down  in  the  pumps,  the  freer  and 
better  will  their  ftrokes  be :  but  a  little  devia- 
tion from  the  perpendicular  will  not  be  materiaL 
Therefore,  when  the  pump-rods  Z),  £,  and  F 
m  down  into  a  deep  well,  they  may  be  moved 
diredly  by  the  cranks,  as  is  done  in  a  very  good 
bopfe-engine  of  this  fort  at  the  late  Sir  yams 
Orient  at  Gnemvicbj  which  forces  up  water  about 
64  feet  firom  a  well  under  ground,  to  a  refervoir 
on  the  top  of  his  houfe.  But  when  the  cranks 
are  only  at  a  imall  height  above  the  pumps,  the 
piftons  muft  be  moved  by  vibrating  levers,  as  in  • 
the  above  engine  at  Blenheim :  and  tlve  longer 
the  levers  are,  the  nearer  will  the  ftrokes  be  to 
a  perpendicular. 

Let  us  fuppofe,  that  in  fuch  an  engine  as  Sir  a  caka- 
James  Creif%j  the  great  wheel  is  12  reet  diame-  lation  of 
^r,  the  trundle  4  feet,  and  the  radius  or  length  J|j^  "^^^^ 

of   ^ 


rail 

aborfe* 

engine. 


water  that  ^  '^^  ir^k  9  inchiee^  tK)i4cing  i  pitt6il  {ifl  Ib 
ly  be  ptto^.  Lei  ther  be  ifaree  pumps  in  dM^  ftfld  llA 
HJ^  bore  of  itch  pump  be  four  inches  dttcnekKh 
Then,  if  the  great  wheel  has  three  times  as  kmfnf 
cogs  as  the  trundle  has  ftaves,  the  irtthdie  and 
eranks  wttl  go  three  tioies  round  for  «edi  rtftf^ 
lotion  of  the  horfes  and  wheels  and  tlie  thiCt 
craAkft  will  make  nine  ftrokes  of  the  pAmpi  bl 
that  thiK,  each  ftroke  bemg  f  8  inches  (or  donaUS 
the  length  of  the  crank)  in  a  four-inch  bbi««  Ltt 
the  diameter  of  Ae  borft-i«^  be  18  ^M^  tkd 
the  peipemlicnlar  height  to  which  the  ^mte^  h 
idikd  amve  the  furface  of  the  well  be  64  ftcL 

If  the  horfin  go  at  the  rate  of  two  ttrfles  A 
hour  (which  is  very  moderate  walking)  they  #il 
tvim^the  great  wheel  187  times  rodttd  in  A 
hour. 

In  «ich  turn  of  the  wheel  the  piftom  Untke  § 
ftrokes  in  the  pumps^  which  amount  ttt  r6t^  A 
an  hour. 

Each  (troke  raifes  a  column  of  watet  iS  Ski'dMS 
long,  and  four  inches  thick,  in  the  pUttip-bir* 
rels ;  which  column,  upon  the  defceiit  of  thi 
pifton,  is  foiled  into  the  main  pipe,  whbfS  ^- 
pendieular  altitude  above  the  furfate  «f  llA  WeM 
u  64  feet. 

Now,  fince  a  column  of  water  1 8  inchtt  long^ 
and  4  inches  thick,  contains  226.18  eubie  iniihes^ 
this  number  multiplied  by  1683  (the  fbbkis  in 
an  hour)  gives  380661  wt  the  numbei*  of  ciibic 
inches  of  watef  raifed  ih  ah  hour. 

A  gallon^  in  wine  meafure,  contain^'  iji  ciibii: 
inches,  by  which  divide  386661,  aAd  it  quotes 
1468  in  round  numbers^  for  the  nuthbiir  of  gal- 
lons raifed  in  an  hour ;  which^  divided  bjr  6}, 
gives  a6i-  hogftieads,— If  the  horfes  go  fafter, 
the  quantity  raifed  will  be  fo  much  the  greater. 

In  this  cftkrulation  it  is  fuppofed  that  no  watdr 


0/  n^a^e  Ith^^  it^ 

A^nttoiA  be  ftippoRd  t6  Ibfe  feft  th&  a  fifu 
ttrt  df  the  coktihttd  i^uantity  of  W^Mf,  b«t#eeA 
^  piftoh^  ahd  baVt^^,  Md  by  tlfe  6p(^g  atiS 
ItatiSbg  of  tM  V^Wes,  the  hM%s  iMght  td  wUlk 
dttbft  ii  miles  j^^  hout,  to  fetch  op  this  tofi. 

A  column  of  Mrater  4  inched  tliick,  and  04 
^t  Mgb,  weighs  ^49Apminds  aVbiMi!i¥>oire,  or 
|>24A  potifitis  Wof\  inA  thts  Weighi:  tbg^tlier  wfth 
Alt  friaion  t]f  tl^  tn^ine,  is  the  itfiftah'ee  thKt 
iflbft  be  ov^ome  by  the  fttin^  of  the  \totfes. 

The  boHb-ticIde  mould  be  fb  tbhtrived,  that 
^  faorfes  rtlky  ratter  {^oHh  on  than  dr^g  tte 
levers  *iter  thcitt.  For  if  thi-v'  dr4w,  irt  gdHitf 
rOutid  the  ii(ra)k,  thb  oucfide  feather  ih-ap^  win 
hsb  ag^nft  their  fldris  and  fairhs ;  wfiich  ^itt 
biiidet  thehi  from  dt^^eirig  at  rig^t  angles  to  thtt 
levers^  artd  fb  i^^ke  thtiti  pull  at  a  difafdvahta^^ 
But  if  they  puth  tihc  tevcrs  bcfoi*  their  breafti, 
inftead  of  dragjgihg  theih,  they  can  alwajrs  litalk 
tc  right  angles  t6  thefe  levers. 

tt  is  no  Way&  Aiaterial  what  the  diameter  of  , 
the  ttiain  or  conrdud  pipe  be :  for  the  wholt; 
itffifiance  of  the  w&tef  therein,  agai^nft  the  horfes 
will  be  actording  to  the  height  to  which  it  \^ 
raffed,  and  the  diameter  of  that  patt  of  the  pump 
in  whieh  the  pifton  wotks,  as  We  have  already 
obifeiVed.  So  that  by  the  fanie  pump,  an  equal 
quantity  of  water  may  be  raifed  in  (and  cot^e* 
quently  made  tO  tun  frdm)  a  pipe  of  a  foot  dia» 
ilieter,  with  the  fame  eafe  as  in  a  pipe  of  five  or 
fix  inches  :  or  rtithet  with  more  eafe,  bceaufe  iti 
velocity  in  a  large  pipe  will  be  Icfs  than  hi  a 
(mall  one  *,  and  threrefbre  its  fKifbion  agamft  the 
fides  of  the  pipe  Will  be  lefs  alfa 

And  the  forte  required  to  raife'i^kter  depends 
not  upon  the  length  of  the  pipe,  h^  upon  the 
fi<rpaidicular  height  to  which  it  is  riufed  therein 

above 
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above  the  level  of  the  fpring.  So  that  the  ianf 
force,  which  would  raife  water  to  the  height  if  i 
pjg^  J,  in  the  upright  pipe  AiklmnopqBy  will  nil^  ic 
to  the  fame  height  Or  level  B  I  n'm  the  oblique 
pipe  AEFG  H.  For  the  preiTure  of  the  water  at 
the  end  A  of  the  latter,  is  no  more  that  its  pref- 
fure  againft  the  end  A  of  the  former. 

The  weight  or  prefTare  of  water  at  the  lower 
end  of  the  pipe,  is  always  as  the  fine  of  the 
angle  to  which  the  pipe  is  elevated  above  the 
level  parallel  to  the  horizon.  For,  although  the 
water  in  the  upright  pipe  AB  would  require  a 
force  applied  immediately  to  the  lower  end  A 
equal  to  the  weight  of  all  the  water  in  it,  to  fup- 
port  the  water,  and  a  little  more  to  drive  it  up, 
and  out  of  the  pipe;  yet,  if  that  pipe  be  inclined 
from  its  upright  pofition  to  an  angle  of  80  de* 
grees  (as  in  A  80)  the  force  required  to  fupport 
or  to  raife  the  fame  cylinder  of  water  will  then 
be  as  much  lefs,  as  the  fine  80  h  is  lefs  than  the 
radius  AB\  or  as  the  fine  of  80  degrees  is  le(s 
than  the  fine  of  90.  And  fo,  decreaGng  as  the 
fine  of  the  angle  of  elevation  leflcrns,  until  it  ar- 
rives at  its  level  AC  or  place  of  reft,  where  the 
force  of  the  water  is  nothing  at  either  end  of  the 
pipe.  For,  although  the  abfolute  weight  of  the 
water  is  the  fame  in  all  pofuions,  yet  its  pref« 
fure  at  the  lower  end  decrcafes,  as  the  fine  ot  the 
angle  of  elevation  decreafes;  as  will  appear  plains 
ly  by  a  farther  confideration  of  the  figure. 

Let  two  pipes,  AB  and  AC^  of  equal  lengths 
and  bores,  join  each  other  at  A\  and  let  the 
pipe  AB  bt  divided  into  100  equal  parts,  as 
the  fcale  S  is;  whofe  length  is  equal  to  the 
length  of  the  pipe. — Upon  this  length,  as  a 
radius,  defcribe  the  quadrant  BCD^  and  divide 
it  into  QO  equal  parts  or  degrees. 

Let  the  pipe  ^C  be  elevated  to  10  degrees 

upon 
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upon  the  quadrant,  and  filled  with  water  1 
then,  part  of  the  water  that  is  in  it  will  rife  in 
the  pipe  JB^  and  if  it  be  kept  full  of  water,  it 
^11  nufe  the  water  in  the  pipe  AB  from  ^  to  1 1 
chat  is,  to  a  level  1  10  with  the  mouth  of  the 
pipe  at  10 :  and  the  upright  line  a  10,  equal  to 
jU^  .will  be  the  fine  of  10  degrees  elevation  \ 
vrhich  being  meafured  upon  the  fcale  S^  will  be 
about  17.4  of  fuch  parts  as  the  pipe  contains 
300  in  length:  and  therefore,  the  force  or  pref- 
fui^  of  the  water  at  A^  in  the  pipe  A  10^  will 
be  to  the  forge  or  preflbre  at  A  in  the  pipe 
AB^  as  17.410  100. 

Let  the  fame  pipe  be  elevated  to  20  degrees 
in  the  quadrant,  and  if  it  be  kept  full  of  water, 
part  of  that  water  will  run  into  the  pipe  AB^ 
and  rife  therein  to  the  height  Ak^  which  is 
equal  to  the  length  of  the  upright  line  b  20,  or 
to  the  fine  of  20  degrees  elevation  5  which,  be- 
ing meafured  upon  the  fcale  S^  will  be  34.2  of 
fuch  parts  as  the  pipe  contains  100  in  length. 
And  therefore,  the  preflure  of  the  water  at  ^, 
in  the  full  pipe  A  20,  will  be  to  its  preflure,  if 
that  pipe  were  raifed  to  the  perpendicular  fitua- 
Qon  AB^  as  34*2  to  loo. 

Elevate  the  pipe  to  the  pofition  A  30  on  the 
quadrant,  and  if  it  be  fupplied  with  water,  the 
water  will  rife  from  it,  into  the  pipe  A  By  to 
the  height  Aly  or  to  the  fame  level  with  the 
mouth  of  the  pipe  at  30.  The  fine  of  this  ele- 
vation, or  of  the  angle  of  30  degrees,  is  r  30 ; 
which  is  juft  equal  to  half  the  length  of  the  pipe, 
or  to  50  of  fuch  parts  of  the  fcale,  as  the  length 
of  the  pipe  contains  ico.  Therefore,  the  prcf- 
fure  or  the  water  at  yf,  in  a  pipe  elevated  30 
degrees  above  the  horizontal  level,  will  be  equal 
to  one  half  of  what  it  would  be,  if  the  fame 
pipe  ftood  upright  in  the  fituation  AB. 

£  And 
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a  half;  and  of  any  height  from  one  foot  to  two 
hundred  :  together  with  the  weight  of  the  faid 
number  of  Cubic  inches,  both  in  troy  and  avoir- 
dupoife  ounces.  The  number  of  cubic  inches 
divided  by  231,  will  reduce  the  water  to  gal- 
lons in  wine  meafure;  and  divided  by  982,  will 
reduce  it  to  the  meafure  of  ale  gallons.  Alfii, 
the  troy  ounces  divided  by  12,  will  reduce  the 
weight  to  troy  pounds ;  and  the  avoirdupoife 
ounces  divided  by  16,  will  reduce  the  weight 
to  avoirdupoife  pounds. 

And  here  I  muft  repeat  it  again,  that  the 
weight  or  prefTure  of  the  water  afting  agaioft 
the  power  that  works  the  engine,  muft  always 
be  eftimated  according  to  the  perpendicular 
height  to  which  it  is  to  be  raifed,  without  any 
regard  to  the  length  of  the  conduft-pipc,  when 
it  has  an  oblique  pofition ;  and  as  if  the  diame- 
ter of  that  pipe  were  jufl  equal  to  the  diameter 
of  that  part  of  the  pump  in  which  the  pifion 
works.  Thus,  by  the  following  tables,  the 
preflfure  of  the  water,  againft  an  engine  whole 
pump  is  of  a  4^  inch  bore,  and  the  perpendi- 
cular height  of  the  water  in  the  conduft-pipe  is 
80  feet,  will  be  equal  to  8057.5  troy  ounces, 
and  to  8848.2  avoirdupoife  ounces;  which 
makes  671.4  troy  pounds,  and  553  avoirdu- 
pofe. 

For  any  bore  whofe  diameter  exceeds  6r 
inches,  multiply  the  numbers  on  the  following 
Pf  g^>  againft  any  height,  (belonging  to  i  inch 
diameter)  by  the  fquare  of  the  diameter  of  the 
given  bore,  and  the  produds  will  be  the  num- 
ber of  cubic  inches,  troy  ounces,  and  avcMrdu- 
poife  ounces  of  water,  that  the  given  bon:  will 
contain* 

I  Inch 
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I  Inch  diameter. 

1^ 

Quantity 

Weight 

In  avoir- 

in  cubic 

in  troy 

dupoife 

igh. 

inches. 

ounces. 

ounces. 

9.42 

4-97 

5.46 

2 

11.85 

995 

10.92 

3 

«8,27 

14.92 

16.38 

4 

37-70 

19.89 

21.85 

5 
6 

47.12 

24.87 

27.31 

.  56.55 

29.84 

32.77 

7 

65.97 

34.82 

38.23 

8 

75-40 

39.79 

43-69 

9 

84.82 

44.76 

49.16 

to 

20 

94-25 

49  74 

54-6a 

188.49 

99.48 

109.24 

30 

282.74 

149.21 

163.86 

40 

376.99 

198.95 

218.47 

P 

471.24 

248.69 

273.09 

60 

•  565.49 

298.43 

327.71 

70 

659*73 

348.  i  7 

382.33 

80 

753-98 

397-90 

436.95 

90 

848.23 

44764 

491-57 

100 

942.48 

497-38 

546.19 

soo 

1884.96 

994.76 

1092.38 

Example,  Rifuired  tbi  Humher  pf  cubic 
mfii^bt  tftbt  nvatcrp  in  an  ufrigbt  fife  2 
\\  kiih  diauierT 
Here  the  neareft  iingle 

decimal    ^.^s'ixt  is  only 

Ukeii  into  the  accoant : 

and  the  whole  being  re- 
duced by   dirtfion,    a- 

noonu  to  2  k\  wine  gal- 

kmi  in  meafare;  to  259I- 

poandt  troy,  and  to  2 1 3  i- 

pounds  avoirdupoifei 


Cubic 
Feet    inches 
200—4241.1 
70-1484.4- 
8—  1696- 


incbcSf    and  tbi 
'J^fitt  bigb^and 

Troy     Avoird. 

oz.  oz. 

>2238.2«-2457*8 

'  783.3-  860.2 

895-    98.3 


Aor.278**$895.i— 3111.0^3416.3 


Kj 
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HyinJtMica  taWes, 

i\  Inch  diametei 

. 

? 

Quantity 

Werght 

In  avoir- 

A 

in  cubic 

in  troy 

dupotle 

• 

I 

inches. 

ounces. 

ounces. 

21.21 

11.19 

ia.29 

2 

42.41 

23.38 

24.58 

3 

63.62 

33-57 

36.87 

4 

84.82 

44.76 

49.16 

5 
6 

106.03 

55.95 

61.45 

127.23 

h-^5 

73-73 

7 

147-44 

78.34 

86.02 

8 

169.65 

89-53 

98.31 

9 

150.85 

100.72 

1 10.60 

10 
20 

212.06 

111.91 

122.89 

424.12 

223.82 

245.78 
368.68 

30 

636.17 

i35-1l 

40 

848.23 

447-64 

491-57 

50 

1060.29 

559-55 

614.46 

60 
70 

^272.35 

6yi.^6 

737^S5 

1484.40 

783-37 

86a24 

80 

1696.46 

895.28 

983.U 

90 

1908.52 

1007.19 

1106.03' 

100 

21 20.58 

1119.10 

1228.92 

200 

4241-15 

2238.20 

*457-«4  1 

Thcfc  tables  were  at  firft  calculated  to  & 
decimal  places  for  the  fake  of  exaftnefs  %  bu 
in  tranfcribing  them  there  are  no  more  thai 
two  decimal  figures  taken  into  the  account,  am 
fomecimes  but  one^  becaufe  there  is  no  neceflit] 

fo 
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2  Inches  diaimacr.                 j 

8"! 

Quantity 

Weight 

In  avoir- 

in  cubic 

ia  troy 

dupoife 

I  i 

iochcs. 

ounces. 

ounces. 

J7-70  : 

19.89 

ftf.85 

2 

75.40 

89-79 

#3-69 

3i 

113.10 

59.68  , 

65-54 

^1 

ico.60  , 

79-68  , 

^7'i9 

■   5' 
6 

IP8.50  ; 

99.47 

1 09.24 

2^6.J9  ' 

1^9-87 

i3i»o3 

"     ?! 

a63.fi9  : 

ip9.«6 

«52.93 

»' 

30»-.'59  : 

i69'«6 

17478 

9 

339«9 

179.06 

196.63 

to^ 

'-  376-99 

198.95 

•2J8.47 

to'' 

7$3-9« 

397-90 

.  436.95 

■  3*3 

II80-97 

596.85 

655.42 

»5f7-9-7l 
;l8B4.96 

•-795-80 
994-75 

873.90 
1092.37 

>     66' i 

a2pi.95 

11^3^.70 

1310.S5 

2638.94 

13^2.65  • 

1529.32 

'    eo'! 

30*5.93 

1591.60 

i747'«o  j 

^o 

3392.92 

17^0.56 

1966.47 

too 

376991 

1989.51 

2184.75  1 

ftooi 

7539.82 

3979.00 

4369.50  1 

»3| 


for  cotnpotirig  to  hundredth  parts  of  an  inch  or 
of  ah.Odncc  in  pradkicc*  And  as  chcy  never 
ftppeattd  Mk  print  before,  it  may  not  be  atnife 
CO  givt  th*  teader  an  account  of  the  prbciplos 
upon  wKflh  thof  wepe  conftruded. 


K  4 
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24.  Inches  diameter.                 | 

? 

Quantity 

Weight 

Inavtnr- 

ar 

in  cubic 

m  troy 

dupoife 

• 

•  VMS 

I 

inches. 

ounces. 

ounces. 

58.90 

3«.o8 

34-14 

3 

117.81 

62.17 

68.a7 

3 

176.71 

93.26 

102.41 

4 

a35«6a 

»24-34 

n^ss 

5 

6 

294-5* 

'55.43 

170.68 

353-43 

186.5a 

.204.82 

7 

412.33 

217.60 

238.96 

8 

471.24 

248.69 

273.09 

9 

530.14 

279.77 

307.23 

10 
ao 

589-05 

310.86 

341.37 

ii78.K> 

621.72 

682.73 

30 

1767-15 

932-58 

1024.10 

40 

2356.20 

1243.44 

1365.47 

50 

2545-25 

1554.30 

1706.83 

60 
70 

3534-29 

1865.16 

2048.20 

4123.34 

2176.02 

2389.57 

80 

4712-39 

2486.88 

2730.94 

90 

5301.44 

2797.74 

3072.30 

100 

5890.49 

3108.60 

2413.67. 

200 

11780.98 

6217.20 

4827.34 

The  folidity  of  cylinders  are  found  by  mul 
tiplying  the  areas  of  their  bafes  by  their  alti 
tudes.  And  Archimedes  gives  the  followin| 
proportion  for  finding  the  area  of  a  ciixrlc,  an< 
the  folidity  of  a  cylinder  raifed  upon  that  ciick: 
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3  Inches  diameter. 

13 

n 

Quantity 

Weight 

In  avoir- 

in  cubic 

in  troy 

dupoilc 

TO 
I 

inches. 

ounces. 

ounces. 

84.8 

44.76 

49.16 

2 

169.6 

89-53 

98.31 

3 

254-5 

134.29 

147-47 

4 

239-3 

179,06 

196.63 

5 
6 

424.1 

ZI3.S2 

245.78 

508.9 

268.58 

29494 

7 

593-7 

3^3-35 

344- JO 

8 

698.6 

358-11 

393-a5 

9 

763-4 

402.87 

442.41 

JO 

20 

848.2 

447.64 

49»-57 

1696.5 

895.28 

983.14 

30 

^544- 7 

1347.92 

i474'70 

40 

339*-9 

1790.56 

1966.27 

50 

4241. 1 

2238.19 

2457.84 

60 
70 

5089.4 

2685.83 

2949.41 

5937-6 

3133-47 

3440.98 

80 

6785.8 

3581.11 

393^-55 

90 

7634- « 

4028.75 

4424.12 

100 

8482.3 

4476.39 

4915.6S 

200 

1 6964.6 

895^-78 

9831.36 

139 


As  X  is  to  0.785399,  fo  is  the  fquare  of  the 
diameter  to  the  area  of  the  circle.  And  as  i  is 
CO  0*785399,  fo  is  the  fquare  of  the  diameter 
multiplied  by  the  height  to  the  folidity  of  the 
cylinder.     By  this  analogy  the  folid  inches  and 

pares 
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37  laches  diameter.    '             | 

? 

Quantity 

Weight 

In  avoir- 

in  cubic 

in  troy 

dupoife 

I 

inches. 

ounces. 

ounces. 

II5-4- 

60.9 

66.9 

2 

230.9 

121.8 

•33-8 

3 

346.4. 

.     182.8 

400.7 

4 

461.8 

243-7 

267.6 

5 
1 

577'^ 

304-6 

334.5 

692.7. , 

365.6 

401.4 

:7 

8o8.» 

426.5 

468.4 

8 

923.6 

4«7-4 

535-3 

9 

1039.1 

[■.    54S-4 

6Q2.2 

lO 

ao 

i'5+-5 

609.3 

669.1 

2309.1 

1218.6 

1338.2 

30 

34^3.^ 

1827.9 

2007.2 

40 

46^.1     ; 

•2437-* 

2676.3 

50 

577.»'7 

3046.4 

3345-4 

60 
70 

6927,2 

3655-7 

4<»4.5 

8081.8 

4465.0 

4683.6 

80 

9236*3 

4874-3 

5352-6 

90 

10390.8 

5483.6 

6021.7 

100 

1 1 545-4- 

6092.9 

6690.8 

aoo 

23090.7 

12*85.7 

1  13381.5 

parts  of  an  inch  in  the  ubles  are  calculated  to  i 
cylinder  200  feet  high,  of  any  diameter  from  1 
inch  to  6t,  and  may  be  continued  at  pleafure. 

And  as  to  the  weight  of  a  cubic  fpot  of  running 
water,  it  has  been  often  found  upon  trial,  b] 
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4  Indies  iiSiaflmef. 


Ij 

Quantity; 
\n  cubic  ■ 
inches. 

1 

-2 

3 

4 
5 

150.8  ' 
301.6 

45«-4 
603.4 

7^4.0 

6 

7 
8 

10 

904.8 
1055.6 
i«o€.4 

iS57-<» 
1508.0 

20 

30 
40 

BO 
60 

31 '5-1).' 

4523-9 
603 1. 9 

9047.* 

70 

80 

90 

100 

%6o 

10^55.^ 
12665.7 

»357f-7 

'5^79-7 
JO  155.3 

Weight 

in-troy 

ounces. 


79.< 
159.2 
238.7 
3*8.3 
397'9 


477-3 
557-1 

716.2 
795-8 


i59t.€ 

4387-4 
3183.2 
3997.0 

4774.^ ' 


hi  avajr- 

dupoife 

ounces. 


5570'«" 
'  636^.4 

'  7162.2 
159 16  X) 


87.4 

B7^4..8 
1162.2 
349-6 
43^-9 


524.3 
611. 7 

699.1' 

786.5 


1747.8 

26rt>7 
3495-6 


'6117^3 

"6991.2 
t7.47S-o 


"Df.  Wybtrd  and  dthers,    to  be   76    pouncft 
troy,  which  is  equal  to  62.5  pounds  'avoiodrf-  r^^^ 
poife.    iThcrefofe,  Rnce  there  are  1728  cubit  weight  of 
Inches  in  a  cubfd  foot,  a  rroy  "ounce  of  water  running 
.contains  1.8949  cubic  inch  5  and  an  avoirdupoife  ^^^^''- 

ounce 
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ft 

Quantity 

Weight 

In  avoir- 

2" 

in  cubic 

in  troy 

dupoife 

I 

inches. 

ounces. 

ounces. 

190.8 

100.7 

1 10.6 

2 

381-7 

301,4 

221. z 

3 

572-6 

302.2 

33 '-8 

4 

763-4 

402.9 

442.4 

5 
6 

954-3 

503.6 

553-0 

1 145. 1 

604.3 

663.6 

7 

1338.0 

705.0 

774.2 

8 

1526.8 

805.7 

S84.8 

9  1 

*7'7-7 

906.5 

995-4 

lO 
20 

1908.5 

1007.2 

1 1 06,0 

3817.0 

2014.4. 

2212. I 

30 

5725-6 

3021.6 

3818.1 

40 

7634.' 

4028.7 

4424.1 

50 

9542.6 

i^ZS'^ 

5530-1 

60 
70 

1145*1 

6043. 1 

6636.2 

» 3359-6 

7050-3 

7742.2 

80 

I526K.Z 

8057.5 

8848.2 

90 

17176.7 

9064.7 

9954.3 

100 

19085.2 

1007J.9 

11060.3 
22  120.6   1 

2  CO 

38170.4 

20143.8 

ounce  of  water  1*72556  cubic  inch.  Confe- 
quently^  if  the  number  of  cubic  inches  con- 
tained in  any  given  cylinder,  be  divided  by 
1.8949,  it  will  give  the  weight  in  troy  ounces  ^ 
and  divided  by  1.72556,  wul  give  the  weight 
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5  Inches  diameter 

• 

t 

Quantity 

Weight , 

In  avoir- 

D- 

in  cubic 

in  troy 

dupoile 

• 

i 

inches. 

ounces. 

ounces. 

^ZS-^ 

"4-3 

136.5- 

2 

471.2 

248.7 

273.1 

3 

706.6 

3730 

409.6 

4 

94a-5 

497-4 

546.2 

5 

7 

I I 78. I 

621.7 

682.7 

•413.7 

746.1 

819.3 

7 

1049-3 

870.4 

955.8 

8 

1885.0 

994.8 

1092.4 

.  9 

3I20.6 

1119.1 

1228.9  • 

lO 

a356.a 

"43-4 

1365.5 

4712.4 

2486.9 

2730.9 

30 

7068.6 

3730.3 

4096.4 

40 

9424.8 

4973.8 

5461-9 

50 

1 1780.0 

6217.2 

6827.3 

60 
70 

14137.8 

7460.6 

8192.8 

16493.4 

8704.1 

9558.3 

80 

18849.6 

99A7'5 

10923.7 

90 

21205.8 

11191.0 

12289.2 

100 

23562.0 

12434.4 

13654.7 

200 

47*24.0 

24868.8 

27309.3 

n  ayoirdupoife  ounces.  By  this  method,  the 
weights  Ihewo  in  the  tables  were  calculated ; 
md  are  near  enough  for  any  common  praftice. 

The  fire-engine  comes  next  in  order  to  be  ex-  Thc/i 
)lained  \  but  as  it  would  be  difficult,  even  by  tngint. 

the 
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5t  Inches  diameter. 

1 

Quantity 

Weight 

In  avoir- 

sr 

in  cubic 

in  troy 

dupoife 

• 

I 

inches. 

ounces. 

ounces. 

285.1 

150.5 

164.3 

a 

570.2 

300.9 

328.5 

3 

855-3 

451.4 

4928 

4 

1 140.4 

601.8 

657.1 

5 
6 

1425-5 

75^'i 

821.3 

1 710.6 

902.7 

985.6 

7 

1995.7 

1053.2 

1149.9 

8 

2280.8 

1203.6 

1314.2 

9 

^5^5-9 

'S54'^ 

1478.4 

10 

ao 

2851.0 

1504.6 

1642.7 

5702.0 

3009.1 

3285.4 

30 

8553-0 

4513.7 

4928.1 

40 

1 1404.0 

6018,2 

6570.8 

50 

14255-0 

7522.8 

8213.5 

60 
70 

1 7106.0 

9027.4 

9856.2 

I9957-P 

10531.9 

1 1 498.9 

8p 

22808.0 

12036.5 

13141.6 

90 

25659.0 

'354i.» 

147843 

100 

28510.0 

15045.6 

16426.9 

200 

57020.0 

30091.2 

32853-9 

the  beft  plates,  to  give  a  particular  defcriptiofi 
of  its  fevpral  parts,  fo  as  to  make  the  whole 
intelligible,  I  (hall  only  explain  the  principles 
upon  which  it  is  coailru£ted« 

I.  What. 
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6  Inches  dkmcter: 

? 

Quantity 

Weight 

In  avoir- 

ST. 

in  cubic 

in  troy 

dupoife 

I 

inches. 

ounces; 

ounces. 

339-i 

179.1 

196.6 

2 

679.6 

358.1 

393-3 

3 

1017.9 

537-'^ 

5^9-9 

4 

i35?'-i 

'       7 1 6.2 

786.5 

5 
6 

1696.5 

895-3 

983.1 

2035.7 

1074-3 

1179.8 

7 

ms'O 

1253-4 

<376.4 

8 

27i4.3 
3053-6 

1432.4 

1573-0 

9 

161 1.5 

1769.6 

lO 

zo 

3392-9 

1790.6 

1966.3 

6785-8 

3581.1 

3932.5 

30 

1017S.8 

537»-7 

5898.8 

40 

i357»-7 

7162.2 

7865,1 

50 

16964.6 

8952.8 

983»'4 

60 
70 

ao357'5 

»0743'3 

11797.6 

237505 

11533.9 

13763.9 

80 

27143.4 

14324.4 

15730.2 

go 

30536-3 

16115.0 

17696.5 

100 

33929.2 

17905.6 

19662.7 

200 

67858.4 

35811.2 

39325.4 

I.  Whatever  weight  of  water  is  to  be  raifed, 
he  pump-rod  muft  be  loaded  with  weights  fuf- 
icient  for  that  purpofe,  if  it  be  done  by  a 
brcing-pump,  as  is  generally  the  cafe;  and  the 

power 
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64.  Inches  diameter 

• 

'^ 

Quantity 

Weight 

In  avoir- 

in  cubic 

in  troy 

dupoife 

• 

1 

inches. 

ounces. 

ounces. 

398«i 

210.1 

230.7 

2 

797-4 

420.3 

461.4 

3 

1 195.6 

630.4 

692.1 

4 

1593-8 

840.6 

922.8 

5 
"6 

1991.9 

1050.8 

1153-6 

2390.1 
a7^8-3 

1260.9 

1384-3 

7 

1471.1 

1615.0 

8 

3>86.5 

i68i.2 

1845-7 

9 

3584.7 

1891.3 

2076.4 

lO 
20 

3982.9 

2101.5 

2307.1 

7965.8 

4202.9 

4614.3 

•JO 

11948.8 

6304.4 

6921.4 

40 

15931.7 

8405.9 

9228.6 

50 

19914.6 

10507.4 

I '535-7 

6o 
70 

23897.9 

12608.9 

13842.9 

27880.5 

14710.4 

16150.0 

8o 

31863.4 

16811.8 

18457.2 

90 

35846.3 

»89i3-3 

20764.3 

100 

39829.3 

21014.8 

23071.5 
46143:0 

200 

79658.6 

42029.6 

power  of  the  engine  muft  be  lufficicnt  for  tb 
weight  of  the  rod,  in  order  to  bring  it  up. 

2.  It  is  known,  that  the  atmolpherc  prefle 
upon  the  furface  of  the  eartli  with  a  force  cqua 
to  15  pounds  upon^very  fquare  inch. 

3-  Whc 
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3.  >yhcn  water  is  heated  to  a  certain  drgrcc* 
the  parncles  thereof  repel  one  another,  and  con- 
ftitute  an  elaftic  fluid,  which  is  generally  called 
fieam  or  vapour. 

4.  Hot  ftcam  is  very  elaftic ;  and  when  it  is 
cooled  by  any  means,  particularly  by  its  being 
mixed  with  cold  waller,  its  elafticity  is  deftroyea 
immediately,  and  it  is, reduced  to  water  again. 

5.  If  a  veflel.  be  filled  with  hot  fteam,  and 
then  clofed,  fo  as  to  keep  out  the  external  air, 
and  ail  other  fluids ;  when  that  fteam  is  by  any 
fneans  condenfed,  cooled,  or  reduced  to  water, 
thai  water  will  fail  to  the  bottom  of  the  veflel  i 
and  the  cavity  of  the  veflTcl  will  be  almoft  a  per- 
fect vacuum. 

6.  Whenever  a  vacuum  is  made  in  any  vcflcl, 
the  air  by  its  weight  will  endeavour  to  ruft:  into 
the  veflel,  or  to  drive  in  any  other  body  that 
wiH  give  way  to  its  prefllire ;  as  may  be  ealily 
fcen  by  a  common  fyringe.  For,  if  you  ftop 
the  bottom  of  a  fyringe,  and  then  draw  up  the 
pifton,  if  it  be  fo  tight  as  to  drive  out  all  the 
air  before  it,  and  leave  a  vacuum  within  the 
iyringe,  the  piflon  being  let  go  will  be  driven 
down  with  a  great  force. 

.  7.  The  force  with  which  the  piOion  is  driven 
down,  when  there  is  a  vacuum  under  ir,  will  be 
as  the  fquare  of  the  diameter  of  the  bore  in  the 
fyringe.  That  is  to  lay,  it  will  be  driven  down 
with  four  times  as  much  force  in  a  fyringe  of  a 
two-inch  bore,  as  in  a  fyringe  of  one  inch  :  for 
the  areas  of  circles  are  always  as  the  fquares  of 
their  diameters. 

8,  The  prcflure  of   the  atmofphere  being 

cq[ual  to  15  pounds  upon  a  fquare  inch,    ic  ' 

v^ili  be  almoft  equal  to  1 2  pounds  upon  a  cir« 

cular  inch.    So  that  if  the  bore  of  the  fyringe 

L  be 
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be  rounds  and  one  inch  in  diameter,  the  piftoi 
will  be  preft  down  into  it  by  a  force  nearly  equal 
to  12  pounds:  but  if  the  bore  be  two  incha 
diameter,  the  pifton  will  be  preft  down  with 
four  times  that  force. 

And  hence  it  is  eafy  to  find  with  what  force 
the  atmofphere  preflcs  upon  any  given  number 
either  of  fquare  or  circular  inches. 

Thefc  being  the  principles  upon  which  this 
engine  is  conftrufted,  we  (hall  next  defcribe  the 
chief  working  parts  of  it:  which  arc,  i.  A 
boiler.  2.  A  cylinder  and  pifton.  3.  A  beam 
or  lever. 

The  boiler  is  a  krge  veflcl  made  of  iron  or 
copper ;  and  commonly  fo  big  as  to  contain 
about  2000  gallons. 

The  cylinder  is  about  40  inches  diameter, 
bored  fo  fmooth,  and  its  leathefed  pifton  fitting 
fo  clofe,  that  little  or  no  water  can  get  between 
the  pifton  and  fides  of  the  cylinder. 

Things  being  thus  prepared,  the  cylinder  is 
,  placed  upright,  and  the  (hank  of  the  pifton  is 
fixed  to  one  end  of  the  beam^  which  turns  on  t 
center  like  a  common  balance. 

The  boiler  is  placed  under  the  cylinder,,  with 
a  communication  between  them,  which  can  be 
opened  artd  (hut  occafionally. 

The  boiler  is  filled  about  half  full  of  water, 
and  a  ftrong  fire  is  placed  under  it:  then,  if  the 
communication  between  the  boiler  and  the  cy- 
linder be  opened,  the  cylinder  will  be  filled  with 
hot  fteam  ;  which  would  drive  the  pifton  quite 
out  at  the  top  of  it.  But  there  is  a  contxivaiice 
by  which  the  beam,  when  the  pifton  is  iHcar  the 
top  of  the  cylinder,  ihuts  the  communtcatfoii  at 
the  top  of  the  boiler  within. 

This 
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This  H  M  fooncr  (hut^  than  another  is  operted 
by  which  a  little  cold  water  is  thrown  upwards 
in  a  jet  iht6  the  cylinder,  which  mixing  with  the 
hot  fieam,'  .Condenfcs  it  immediately  ;  by  which 
means  a  vacuum  is  made  in  the  cylinder,  and 
the  piftbn  is  preflcd  down  by  the  weight  of  the 
atoiofphere ;  and  fo  lifts  up  the  loaded  pump* 
rod  at  the  other  end  of  the  beam. 

If  the  cylinder  be  42  inches  in  diameter,  the 
pifton  will  be  prcfled  down-  with  a  force  greater 
ilian  20000  pounds,  and  will  confequencly  lift 
lip  that  weight  at  the  oppofite  end  of  the  beam: 
and  as  the  pump- rod  with  its  plunger  is  fixed 
to  that  end,'  if  the  bore  where  the  plunger  worksi 
were  10  inches  diameter,  the  water  would  be 
forced  up  through  a  pipe  of  1 80  yards  perpen- 
dicular height. 

But,  as  the  parrts  of  this  engine  have  a  good 
deal  of  friftion,  and  mud  work  with  a  con(i- 
%  derable  velocity,  and  there  is  no  fuch  thing  as 
making  a  perfed  vacuum  in  the  cylinder,  it-ia 
found  that  no  more  than  8  pounds  of  prcfTure 
muft  be  allowed  for,  on  every  circular  inch  of 
the  pifton  in  the  cylinder,  that  it  may  make 
about  16  ftrokes  in  a  minute,  about  6  feet 
each. 

Where  the  boiler  is  very  large,  the  pifton 

will  make  between  20  and  25  ftrokes  in  a  mi- 

-  nute,  and  each  ftroke  7  or  8  feet ;  which,  in  a 

pump  of  9  inches  bore,  will  raife  upwards  of 

300  hogftieads  of  water  in  an  hour. 

It  is  found  by  experience  that  a  cylinder,  40 
inches  diameter,  will  work  a  pump  10  inches 
diameter,  and  «ioo  yards  long :  and  hence  we 
can  find  the  diameter  and  length  of  a  pump, 
chat  can  be  worked  by  any  other  cylinder. 

L  2  For 
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For  the  convenience  of  thole  who  would 
make  ufe  of  this  engine  for  raifmg  water,  m 
(hall  fubjoin  part  of  a  table  calculated  by  Mr, 
Beigbion^  fliewing  how  any  given  quafitity  of 
water  may  be  raiitd  in  an  hour,  from  4S  to  440 
hogfticads  i  at  any  given  dtpch,  froin  15  co 
100  yards ;  the  machine  working  at  the  rate 
of  16  llrokes;>^r  minute,  and  each  ftroke  being 
6  feet  long. 

One  example  of  the  ufe  of  this  table  will 
make  the  whole  plain.  Suppofe  it  were  required 
to  draw  150  hogfbeads  per  hour,  at  90  yards 
depth  *,  in  the  fccond  column  from  the  right 
hand,  I  find  the  neareft  number,  viz.  149  hogf- 
heads  40  gallons,  agalnft  which,  on  the  right 
band,  I  find  the  dianieter  of  the  bore  of  the  pump 
muft  be  7  inches-,  and  in  the  fame  collateral  line, 
under  the  given  depth  90,  I  find  27  inches,  the 
diameter  of  the  cylinder  fit  for  that  purpofe.— 
And  fo  for  any  other. 
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PLiifXIir.     Water  may  be  raifed  by  means  of  a  ftream 
The  Per-  j1  B  turning  a  wheel  CD  E^  according  to  ihc 
^•'^         order  of  the  letters,  with  buckets  a^  a^  a^  a^  &c. 
hung  upon  the  wheel  by  ftrong  pins  by  b^  b^  b^ 
&c.  fixed  in  the  fide  of  the  rim  :  but  the  wheel 
muft  be  made  as  high  as  the  water  is  intended 
to  be  faiicd  above  the  level  of  that  part  of  the 
ftream  in  which  the  wheel  is  placed.     As  the 
wheel  turns,  ihe  buckets  on  the. right- hand  go 
down  into  the  water,  and  are  filled  therewith,  and 
go  up  full  on  the  left-hand,  until  they  come  to 
the  top  at  K\  where  they  llrike  againft  ihc  end 
n  of  the  fixed  trough  Af,  and  are  thereby  over- 
fct,  and  empty  the  water  into  the  trough  ;  from 
which  it  may  be  conveyed  in  pipes  to  the  place 
which  it  is  defigned  for :  and  as  each  bucket 
gets  over  the  trough,  it  falls  into  a  perpendi- 
cular pofition   again,    and  goes  down  empty, 
until  it  comes  to  the  water  at  A^  where  it  is 
filled  as  before.     On  each  bucket  is  a  fpring  r, 
which  going  over  the  top  or  crown  of  the  bar  m 
(fixed  to  the  trough  M)  raifes  the  bottom  of  the 
bucket  above  the  level  of  its  mouth,  and  fo 
caufes  it  to  empty  all  its  water  into  the  trough. 

Sometimes  this  wheel  is  made  to  raife  water 
no  higher  than  its  axle ;  and  then,  inftead  of 
buckets  hung  upon  it,  its  fpokes  C,  d^  /»^x,  b^ 
are  made  of  a  bent  form,  and  hollow  within  \ 
thefe  hollows  opening  into  the  holes  C,  D,  £,  F, 
in  the  outfide  of  the  wheel,  and  alfo  into  thofe 
at  O  in  the  box  N  upon  the  axle.  So  that,  as 
the  holes  C,  D,  &c.  dip  into  the  water,  it  runs 
into  them ;  and  as  the  wheel  turns,  the  water 
rifes  in  the  'hollow  fpokes,  r,  d^  &c.  anc^  runs 
out  in  a  ftream  P  from  the  holes  at  O,  and  falls 
into  the  trough  ^  from  whence  it  is  conveyed 
by  pipes.    And  this  is  a  very  eafy  way  of  raifing 

water. 


Of  the  fpecijic  Gravities  of  Bodies.  153 

water,  bccaufc  the  engine  requires  no  animal 
power  to  turn  it. 

The  art  of  weighing  different  bodies  in  water,  o''  tVt 
and  thereby  finding  their  f|:ecific  gravities,  or  r-tcific 
weights,  bulk  for  bulk,  was  invented  by  Ar-  ^'?V^^!^ 
CHiMEDES;    of  which  we  have  the  following^     °  *"* 
account : 

Micro  king  of  Syracufe^  having  employed  a 
goldfmith  to  make  a  crown,  and  given  him-  a 
mafs  of  pure  gold  for  that  pur  pole,  fufpedted 
that  the  workman  had  kept  back  part  of  the 
gold  for  his  own  ufe,  and  made  up  tlie  weight 
by  allaying  the  crown  with  copper.  But  the 
king  not  knowing  how  to  find  out  the  truth  of 
that  matter,  referred  it  to  Archimedes  \  who 
having  fludied  a  long  time  in  yain,  found  it  out 
at  laft  by  chance.  For,  gping  into  a  bathing- 
tub  of  water,  and  observing  that  he  thereby 
ra^ed  the  water  higher  in  the  tub  than  it  was 
before,  he  concluded  inftantly  diat  he  had  raifed 
is  juft  as  high  as  any  thing  elie  could  have  done, 
that  was  exactly  of  his  bulk  :  and  confidering 
that  any  other  body  of  equal  weight,  and  of  Icfs 
bulk  than  him&lf,  could  not  have  raifed  the 
water  fo  high  as  he  (did  \  he  immediately  told 
the  king,  that  he  had  found  a  method  by  which 
he  coold  difcover  whether  there  were  any  cheat 
in  the  crown.  For,  fince  gold  is  the  hcavieft 
of  all  known  metals,  it  mull  be  of  lefs  bulk, 
according  to  its  weight,  than  any  other  metal. 
And  therefore  he  defired  that  a  mafs  of  pure 
gold,  equally  heavy  with  the  crown  when 
weighed  in  air,  (hould  be  weighed  again (t 
it  in  water  j  and  if  the  crown  was  not  allayed, 
it  would  counterpoife  the  mafs  of  gold  when 
they  were  both  immerfed  in  viuter,  as  well  as  it 
'did  when  they  were  weighed  in  air.  But  upon 
L  4    ,  making 
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making  the  trial,  he  found  that  the  mnfs  of 
gold  weighed  much  heavier  in  waccr  than  the 
crown  did.  And  not  dnly  fo,  but  that,  when 
the  mafs  and  crown  were  immerfed  feparaiely 
in  one  vefTel  of  water,  the  crown  raifed  the 
water  much  higher  than  the  mafs  did  ;  which 
Ihewed  it  to  be  allayed  with  fome  lighcr  metal 
that  increafed  its  bulk.  And  fo,  by  making 
trials  with  different  metals,  all  equally  heavy 
with  the  crown  when  weighed  in  air,  he  found 
out  the  quantity  of  alloy  in  the  crown. 

The  fpecific  gravities  of  bodies  arc  as  their 
weights,  bulk  for  bulk ;  thus  a  body  is  faid  to 
have  two  or  three  times  the  fpecific  gravity  of 
another,  when  it  contains  two  or  three  times  as 
much  matter  in  the  fame  fpace. 

A  body  immerfed  in  a  fluid  will  fink  to  the 

bottom,  if  it  be  heavier  than  its  bulk  of  the 

fluid.     If  it  be  fufpended  therein,  it  will  lofc 

as  much  of  what  it  weighed  in  air,  as  its  bulk 

of  the  fluid  weighs.    Hence,  all  bodies  of  equal 

bulks,  which  would  fink  in  fluids,  lofe  equal 

weights  when  fufpended  thereinl     And  unequal 

bodies  lofe  in  proportion  to  their  bulks. 

Thcifty.        The    hydrojiatic    balance    differs    very   little 

draft atic    from  a  common  balance  that  is  nicely  made : 

balance,     ^j^jy  j^  ^^g  ^  |^qq]^  ^^  ^]^^  bottom  of  cach  fcale, 

on  which  fmall  weights  may  be  hung  by  horfe- 
hairs,  or  by  filk  threads.     So  that  a  body,  fuf- 
pended by  the  hair  or  thread,  may  be  immerfed 
in  water  without  wetting  the  fcale  from  which 
it  hangs. 
How  to         If  the  body  thus  fufpended  under  the  fcale, 
find  the    at  one  end  of  the  balance,  be  firft  counterpoifed 
fii^avU^  Q^in  air  by  weights  in  the  oppofite  fcale,  and  then 
any  body,  imni^rfed  in  water,  the  equilibrium  will  be  im- 
mediately deftroyed.     Then,  if  as  much  weight 

be 
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be  put  into  rhe  fcale  from  which  the  body  hangs, 
as  will  reftore  the  equilibrium  (without  altering 
the  weights  in  the  oppofite  fcale)  that  weight, 
which  reltores  the  equilibrium,  will  be  equal  to 
the  weight  of  a  quantity  of  water  as  big  as  the 
immerfcd  body.  And  if  the  weight  of  the  body 
in  air  be  divided  by  what  it  lofes  in  water,  the 
quotient  will  (hew  how  much  that  body  is  hea- 
vier than  its  bulk  of  water.  Thus,  if  a  guinea 
fufpcnded  in  air,  be  counterbalanced  by  129 
grains  in  the  oppofite  fcale  of  the  balance ;  and 
then,  upon  its  being  immcrfed  in  water,  it  be- 
comes (o  much  lighter,  as  to  require  7-^  grains 
put  into  the  fcale  over  it,  to  reftore  the  equili* 
brium,  it  (hews  that  a  quantity  of  water,  of 
equal  bulk  with  the  guinea,  weighs  y\  grains^ 
or  7.25  ;  by  which  divide  129  (the  weight  of 
the  guinea  in  air)  and  the  quotient  will  be 
17.793  ;  which  (hews  that  the  guinea  rs  17.793 
times  as  heavy  as  its  bulk  of  water.  And  thus, 
any  piece  of  gold  may  be  tried,  by  weighing  it 
firft  in  air,  and  then  in  water;  and  if  upon 
dividing  the  weight  in  air  by  the  lofs  in  water, 
the  quotient  comes  out  to  be  17.793,  the  gold, 
is  good}  if  the  quotient  be  18,  or  between  18 
and  19,  the  gold  is  very  fine  -,  but  if  it  be  leCs 
than  i  7,  the  gold  is  too  much  allayed,  by  being 
mixed  with  fome  other  metal. 

If  filver  be  tried  in  this  manner  and  found 
to  be  1 1  times  as  heavy  as  water,  it  is  very 
fine ;  if  it  be  lot  times  as  heavy,  it  is  (land- 
ard  ;  but  if  it  be  of  any  lefs  weight  compared 
with  water,  it  is  mixed  with  fome  lighter  me- 
tal, foch  as  tin. 

3y  this  method,  the  fpecific  gravities  of  all 
bodies  that  will  fink  in  water,  may  be  found. 
But  as  to  thofe  which  are  lighter  thaq  water,  as 

moft 


15^  Of  tbi  fpicific  Gravities  of  Bodies. 

moil  forts  of  wood  arc,  the  following  method 
may  be  taken,  to  (hew  how  much  lighter  thej 
are  than  their  refpedive  bulks  of  water. 

Let  an  upright  ftud  be  fixed  into  a  chick  flit 
piece  of  brafs,  and  in  this  ftud  let  a  fmall  kvcr, 
whofe  arms  are  equally  long,  turn  upon  a  fine 
pin  as  an  axis.  Let  the  thread  which  hangi 
from  the  fcale  of  the  balance  be  tied  to  one  end 
of  the  lever,  and  a  thread  from  the  body  to  be 
weighed,  tied  to  the  other  end.  This  dooc^ 
put  the  brafs  and  lever  into  a  veflel;  then  pour 
water  into  the  veflfel,  and  the  body  will  nfe  and 
float  upon  it,  and  draw  down  the  end  fA  the 
balance  from  which  it  hangs:  then,  put  at  much 
weight  in  the  oppofite  fcale  as  will  raife  that  end 
of  the  balance,  lo  as  to  pull  the  body  down  into 
the  water  by  means  of  the  lever  ;  and  this 
weight  in  the  fcale  will  (hew  how  much  the  body 
is  lighter  than  its  bulk  of  water. 

There  are  fome  things  which  cannot  be 
weighed  in  this  manner,  fuch  as  quickiilver, 
fragments  of  diamonds,  &c.  becaufe  they  can- 
not be  fufpended  in  threads;  and  muft  therefore 
be  put  into  a  glafs  bucket,  hanging  by  a  thread 
from  the  hook  of  one  fcale,  and  counterpoifed 
by  weights  put  into  the  oppofite  fcale.  Thus, 
foppofe  you  want  to  know  the  fpecific  gravity 
of  quickfilver,  with  refped  to  that  of  water;  let 
the  empty  bucket  be  firO:  councerpoi(ed  in  air, 
and  then  the  quickfilver  put  into  it  and  weished. 
Write  down  the  weight  of  the  bucket,  and  alfo 
of  the  quickfilver;  which  done,  empty  the 
bucket,  and  let  it  be  immerfed  in  water  as  it 
hangs  by  the  thread,  and  counterpoifed  therein 
by  weights  in  the  oppofite  fcale :  then,  pour 
the  quickfilver  into  the' bucket  in  the  water, 
which  will  caufc  it  to  preponderate ;  and  put  as 

much 
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much  weight  into  the  oppofite  fcale  as  will  re- 
ftore  the  balance  to  an  equlpoifc  ;  and  -  this 
weight  will  be  the  weight  of  a  quantity  of  water 
equal  in  bulk  to  the  quickfilven  Laftly^  di- 
vide the  weight  of  the  quickfilver  in  air,  by  the 
weight  of  its  bulk  of  water,  and  the  quotient: 
will  (hew  how  much  the  quickfilver  is  heavier 
than  its  bulk  of  water. 

If  a  piece  of  brafs,  glafs,  lead,  or  filver,  be 
immerfed  and  fufpended  in  different  for^s  of 
fluids,  the  different  lodes  of  weight  therein  will 
fhew  how  much  it  is  heavier  than  its  bulk  of  the 
fluid  %  the  'fluid  being  lighted  in  which  the  inv 
xnerfed  body  lofes  lead  of  its  aerial  weight,  ii 
fblid  bubble  of  glafs  is  generally  ufed  for  finding 
(he  fpecific  gravities  of  fluids. 

Hence  we  have  an  eafy  method  of  finding  the 
ipecific  gravities  both  of  folids  and  fluids,  with 
regard  to  their  fpecific  bulks  of  common 
pump  water^  which  is  generally  made  a  ftand* 
ard  for  comparing  all  others  by. 

In  conftrtifting  tables  of  fpecific  gravities  with 
accuracy,  the  gravity  of  water  mufl:  be  repre- 
fented  by  unity  or  i.ooo,  where  three  cyphers 
are  added^  to  give  room  for  exprefling  the  ratbs 
of  other  gravities  in  decimal  parts,  as  in  the 
following  table. 

N.  B.  Although  guinea  gold  has  been  gene- 
rally reckomed  17.798  times  as  heavy  as  its 
bulk  of  water,  yet,  by  many  repeated  trials,  I 
cannot  fay  that  I  have  found  it  to  be  more  than 
17.200  (or  1 7 A)  as  heavy. 
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A  Tabic  of  the  fpecific  gravities  of  feveral  iM ' 
and  fluid  bodies. 


Troy  weight. 

Avoirdap. 

Cooip&- 

A  cubic  inch  bf 

■rahv^ 

oz.     pw.     gP. 

oz.  drami. 

raave 
weight. 

Very  fine  gold  - 

ro    7     383 

I      5.80 

TA 

Standard  gold    - 

9   19     6.44 

10  14.90 

Guinea  gold    - 

9     7   17.18 

10     4.76 

17-793 

Moidosc  gold    - 

9     0  19.84 

9  »4.7» 
8     1.45 

17.140 

Quickfilver  -   - 

7    7  ir.6i 

14.019 

Lead        - 

5  '9  «7-S5 

6    9.08 

11.325 

Fine  filver    -   - 

5  16  23.23 

6    6.66 

11.087 

Standard  filver  - 

5  II     3*36 

6     1.54. 

*  0-535 

Copper     -     - 

4  »3    704 

5     1-89 

8.843 

Plate-brafs      - 

4    4    9-6o 

4  10.09 

.  8.000 

Steel     -    .    - 

4.  2  20.12 

4    8.70 

7,852 

Iron      -     -    - 

4    0  15  20 

4    6.77 

7-645 

Block-tin     -     - 

3  J  7    5.68 

4    3-79 

7.321 

Spcltar       .     - 

3  14  12.86 

4     1.42 

7.065 

Lead  ore     -     - 

3  "  1776 

3  H-96 

6.800 

Glafs  of  antimony 

2  IS  16.89 

3    089 

5-280 

German  antimony 

z    2    4.80 

2    504 

4.000 

Copper  ore    -    - 

2     I  11.83 

2    4-43 
I  15.48 

3-775 

Diamond     -     - 

I  15  20.88 

3-400 

Clear  gb.fs    -    - 

I  13    5-58 

I  13.16 

3»50 

Lapis  lazuli  -   - 

1  12     527 

I  12.27 

3-054 

Welch  afbeftos  - 

I  10  17,57 

1  10.97 

«-9'3 

White  marble   - 

I     8  13.41 

I     9.06 

2.707 

Black  ditto     - 

I     8  12.65 

I    9.02 

a.704 

Rock  cryftal     - 

I     8    I. CO 

I     8.6[ 

a.658 

Green  glafs    -  - 

I.    7  15.38 

I     8.26 

2.620 

Cornelian  (lone  - 

1     7     1. 21 

I     7'7i 

2., 68 

Flint    -     .     - 

I     6  19.63 

I     753 

2.54a 

Har^  paving  ftone 

.1     s  22.87 

I     6.77 

2.460 

Live  fujphur     - 

I     i.    2.40 

I     2.52 

2.000 

Nitre     .     -     . 

I     0     1.08 

I     1.59 

1.900 

Alabafter     -     - 

0  19  18.7^ 

»     1-35 

1.875 

Dry  ivory    -     - 

0  19    6.09 

I     0.89 

1.825 

Brimftone  .  -    - 

0  18  23.76 

1     0.66 

1.800 

Alum    ... 

0  17  21.92 

0  15.72 

1.714 

The 
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Troj'  Weight. 

"Avoirdup,] 

Compa- 

A  coWc  inck  of 

■ 

• 

ox.  pw.       gr. 

oz.  < 

drams. 

raiivc 

weight. 

Ebony 

0  11   18.82 

0 

10.34 

I  117 

Human  blood    - 

0  II     2.89 

0 

9.76 

1.054 

Amber      - 

0  10  20.79 

0 

95^ 

I  030 

Cow's  milk     - 

0  10  20.79 

0 

9  54 

1.030 

Sea  water    -     - 

0  I  a  20.79 

0 

954 

1.030 

Pump  water     - 

0  10  13-30. 

0 

9  26 

1.000 

Spring  water     - 

0  10  12.94 

0 

9.25 

0999 

DifliUcd.  water-  - 

0  10  11.42 

.0 

9.20 

0993 

Red  wine     -     - 

0  10  11.42 

0 

9.20 

0.993 

Oil  of  amber     - 

0  10    7.63 

0 

906 

0.978 

Proof  fpirits     - 

0    9  19.73 

0 

8.62 

0.931 

Dry  oak     - '.   * 

0    9  18.00 

0 

8.56 

0.925 

Olive  oil     -     • 

0    9  15.17 

0 

8.45 

0.913 

Pure  fpirits   -    -. 

0    9    3.27 

0 

8,02 

0860 

Spiritofturpentine 

0    9    2.76 

0 

7.99 

0.804 

Oil  of  turpentine 

0    8     8.53 

0 

7-33 

0.772 

Dry  crabtrce     - 
.SaUafras  wood   - 

0    8     1.69    0 

7.08 

o.>6s  ' 

0    5     2.04    0 

4.46 

0.482 

'Cork         '.       . 

0    2  12.77I  0 

2.21 

0.240 

Take  away  the  decimal  points  from  the  num- 
bers in  the  right- haod  column,  or  (which  is  the. 
fame)  niultiply  them  by  1000,.  and  they  will 
Ibew  bow  many  avoirdupoife  ounces  arc  con- 
tained in  a  cubic  foot  of  each  body. 

The  ufc  of  the  table  of  fpecific  gravities  will  piow  to 
bcft  appear  by  an  example.     Suppofe  a  body  to  find  out 
be  compounded  of  gold  and  filver,  and  it  is  re-  ^^^  ^^^"' 
quired  to  find  the  quantity  of  each  metal  in  a^ui^cra- 
the  compound.  tlon  in 

Firft  find  the  fpecific  gravity  of  the  comr.mottls. 
pound,  by  weighing  it  in  air  and  in  water,  and 
dividing  its  aerial  weight  by  what  it  lofcs  there- 
of in  watery  the  quotient  will  (hew  its  fpecific 

gravity. 
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gravity,  or  how  many  times  it  is  heavier  than 
its  bulk  of  water.  Then,  fubtraft  the  fpecific 
gravity  of  filvcr  (found  in  the  table)  from  that 
of  the  compound,  and  the  fpecific  gravity  of  the 
compound  from  that  of  gold ;  the  firft  rcmaineder 
ihews  the  bulk  of  gold,  and  the  fatter  the  bulk 
of  filvcr,  in  the  whole  comfpound  :  and  if  thefc 
remainders  be  multiplied  by  the  refpedive  fpe- 
cific gravities,  the  produds  will  (hew  the  pro- 
portion of  weights  of  each  metal  in  the  body. 
Example. 

•  Suppofe  the  fpecific  gravity  of  the  compound- 
ed body  be  13;  that  of  flandard  filver,  (by  the 
table)  is  10.5,  and  that  of  gold  1 9.63 :  therefore 
10.5  from  13,  remains  2.5,  the  proportional 
bulk  of  the  gold;  and  13  from  19.63,  remains 
6.63  the  proportional  bulk  of  filver  irt  the  com- 
pound. Then,  the  firft  remainder  .2.5,  multi- 
plied by  19.63,  the  fpecific  gravity  of  gold, 
produces  49.075  for  the  proportional  weight  of 
gold  *,  and  the  laft  remainder  6.6^  multiplied 
by  10.59  the  fpecific  gravity  of  filver  produces 
69.615  for  the  proportional  weight  of  filvcr  in 
the  whole  body.  So  that  for  every  49.07  ounces 
or  pounds  of  gold,  there  are  69.6  pounds  or 
ounces  of  filver  in  the  body. 

Hence  it  is  eafy  to  know  whether  any  fufpeft- 

ed  metal  be  genuine,,  or  allayed,  or  counterfeit; 

by  finding  how  much  it  is  heavier  than  its  bulk 

of  water,    and  comparing  the  fame  with  the 

table :  if  they  agree,  the  metal  is  good ;  if  they 

dififer,  it. is  allayed  or  counterfeited. 

How  to        A  cubical  inch  of  good  brandy,  rum,  or  other 

tryfpin-   proof  fpirits,  weighs  235.7  grains:  therefore,  if 

qi^/'    a  true  inch  cube  of  any  metal  weighs  235.7 

grains  lefs  in  fpirits  than  in  air,  it  (hews  the 

^irits  are  proof.    If  it  lofes  lefs  of  its  aerial 

weight 
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weight  in  fpirits,  they  are  above  proof;  if  it  lofei 
more,  they  are  under.  For,  the  better,  the 
fpirits  are,  they  are  the  lighter ;  and  the  worfc, 
the  heavier.  All  bodies  expand  with  heat  and 
contradl  with  cold,  but  fome  more  and  fome  Icfs 
than  others.  And  therefore  the  fpecific  gravities 
of  bodies  are  not  prccifely  the  fame  in  fummer 
ias  in  winter.  It  has  been  found,  that  a  cubic 
inch  of  good  brandy  is  ten  grains  heavier  in  win- 
ter than  in  fummer;  as  much  fpirit  of  nitre,  20 
grains;  vinegar  6  grains,  and  fpring-water  3. 
Hence  it  is  mod  profitable  to  buy  fpirits  in 
winter,  and  fell  them  in  fummer,  fince  they  arc 
always  bought  and  fold  by  mcafure.  It  has 
been  found,  that  32  gallons  of  fpirits  in  winter 
will  make  33  in  fummer. 

The  expanfion  of  all  fluids  is  proportionable 
to  the  degree  of  heat ;  that  is,  with  a  double  or 
triple  heat  a  fluid  will  expand  two  or  three  times 
as  much. 

Upon  thefe  principles  depends  the  conftruc-  The  /Arr- 
tion  of  the  thermometer,  in  which  the  globe  or  f^omter. 
bulb,  and  part  of  the  tube,  are  filled  with  a 
fluid,  which,  when  joined  to  the  barometer,  is 
foirits  of  wine  tinged,  that  ic  may  be  more  eaflly 
ieen  in  the  tube.  But  when  thermometers  are 
made  by  themfelves,  quickfilver  is  generally 
afed. 

In  the  thermometer,  a  fcale  i^  fitted  to  the 
tube,  to  (hew  the  expanfion  of  the  quickfilver, 
and  cohfequently  the  degree  of  heat.  And,  as 
Fabrenbeii*s  fcale  is,  moft  in  efteem  at  prefent,  I 
ftall  explain  the  conftruftion  and  graduation  of 
thermometers  according  to  that  fcale. 

Firfk,  Let  the  globe  or  bulb,  and  part  of  the 
tube,  be  filled  with  a  fluid ;  then^  immerfe  the  , 
bulb  in  water  juft  freezing,  or  fnow  juft  thaw- 
ing ; 
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mg ;  and  even  with  that  part  in  the  icale  where 
the  fluid  then  ftands  }n  the  tube,  place  the  num* 
.  ber  32,  to  denote  the  freezing  point:  then  put 
the  bulb  under  your  arm-pit,  when  your  body  is 
of  a  moderate  dtgree  of  heat,  fo  that  it  may 
acquire  the  fame  degree  of  heat  wirh  your  (kin  j 
and  when  the  fluid  has  rifcn  as  far  as  it  can  by 
that  heat,  there  place  the'  number  97  :  then 
divide  the  fpace  between  thefe  numbers  into  6§ 
equal  parts,  and  continue  thofe  divifions  both 
abpve  97  and  below  32,  and  number  them  ac- 
cordingly. 

This  may  be  done  in  any  part  of  the  world  j 
ibr  it  is  found  that  the  freezing  point  is  always 
the  fame  in  all  places,  *and  the  heat  of  the  human 
body  differs  but  very  little ;  fo  that  the  thermo- 
meters made  in  this  manner  will  agree  with  one 
another  ;  and  the  heat  of  feveral  bodies  will  be 
(hewn  by  them,  and  expreffed  by  the  numbers 
upon  the  fcale,  thus. 

Air,  in  fevere  cold  weather,  in  our  climate, 
from  15  to  25.  Air  in  winter,  from  26  to  42. 
Air  in  fpring  and  autumn,  from  43  to  53.  Air 
at  midfummer,  from  65  to  68.  Extreme  heat 
of  the  fummer  fun,  from  86  to  100.  Butter 
jufl  melting,  95.  Alcohol  boils  with  174  or 
175.  Brandy  with  190.  Water  212.  Oil  of 
turpentine  550.  Tin  melts  with  408,  and  lead 
with  540.  Milk  freezes  about  30,  vinegar  38, 
and  blood  27. 

A  body  fpecifically  lighter  than  a  fluid  will 
fwim  upon  its  furface,  in  fuch  a  manner,  that  a 
quantity  of  the  fluid  equal  in  bulk  with  the 
immerfed  part  of  the  body,  will  be  as  heavy  as 
the  whole  body.  Hence,  the  lighter  a  fluid  is, 
the  deeper  a  body  will  fink  in  it ;  upon  which 

depends 
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depends,  the  conftruftion  of  the  hydrometer  or 
vrater-poife. 

From  this  we  can  eafily  find  the  weight  of  a  How  the 
Ihip,  or  any  other  body  that  floats  in  water,  weight  of 
For,  if  we  multiply  the  number  of  cubic  feet  ^^'^ 
which  are  under  the  furface,  bv  62.5,  the  number  cilimatcd. 
of  pounds  in  one  cubic  foot  ot  frcfh  water;  or  by 
64.4,  the  number  of  pounds  in  a  cubic  foot  of 
fait  water ;  the  produA  will  be  the  weight  of 
the  (hip,  and  all  that  is  in  it     For,  fince  it  is. 
the  weight  of  the  (hip  that  difplaces  the  water, 
it  muft  continue  to  fink  until  it  has  removed  a^ 
much  water  as  is  equal  to  it  in  weight ;  aiiV^ 
therefore  the  part  immerfed  muft  be  equal  in 
bulk  to  fuch  a  portion  of  the  water  as  is  equal 
to  the  weight  of  the  whole  (hip. 

To  prove  this  by  experiment,  let  a  ball  of 
fome  light  wood,  fuch  as  fir  or  pear-tree,  be 

f)ut  into  water  contained  in  a  glafs  vefTel ;  and 
et  the  vefTel  be  put  into  a  fcale  at  one  end  of  a 
balance,  and  counterpoifed  by  weights  in  the 
cppofite  fcale:  then,  marking  the  height  of  the 
water  in  the  vefTel,  take  out  the  ball ;  and  fill 
up  the  vefTel  with  water  to  the  fame  height  that 
it  ftopd  at  when  the  ball  was  in  it;  and  the  fame 
weight  will  counterpoife  it  as  before. 

From  the  vefTcrs  being  filled  up  to  the  fame 
height  at  which  the  water  flood  when  the  ball 
was  in  it,  it  is  evident  that  the  quantity  poured 
in  is  equal  in  magnitude  to  the  immerfed  part 
of  the  ball ;  and  from  the  fame  weight  coun- 
terpoifing,  it  is  plain  that  the  water  poured  in, 
is  equal  in  weight  to  the  whole  ball. 

In  troy  weight,  24  grains  make  a  penny- 
weight, 20  pennyweights  make  an  ounce,  and 
12  ounces  a  pound.  In  avpirdupoifc  weight, 
J  6  drama  make  an  ounce,  and  16  ounces  a 
M  pound. 
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pound.  The  troy  pound  contains  5760  grains, 
and  the  avoirdupoife  pound  7000 ;  and  hence, 
the  avoirdupoiic  dram  weighs  27.34375  grains, 
and  the  avoirdupoife  ounce  437.5. 

Becaufe  it  is  often  of  ufe  to  know  how  much 
any  given  quantity  of  goods  in  troy  weight  do 
make  in  avoirdupoife  weight,  and  the  revcrfe } 
we  (hall  here  annex  two  tables  for  converting 
thefe  weights  into  one  another.  Thofc  from 
page  135  to  page  146  are  near  enough  for  com- 
mon hydraulic  purpofes;  but  the  t^o  following 
arc  better,  where  accuracy  is  required  in  com- 
paring the  weights  with  one  another :  and  I 
find,  by  trial,  that  175  troy  ounces  are  precifely 
equal  to  192  avoirdupoife  ouncea,  and  175  troy 
pounds  are  equal  to  144  avoirdupoife.  And 
although  there  are  feveral  lefTer  integral  num- 
bers, which  come  very  near  to  agree  together, 
yet  I  have  found  none  lefs  than  the  above  to 
agree  cxadtly.  Indeed  41  troy  ounces  are  fo 
nearly  equal  to  45  avoirdupoife  ounces,  that  the 
latter  contains  only  7I  grains  more  than  the  for- 
mer :  and  45  troy  pounds  weigh  only  7-j^  drams 
more  than  37  avoirdupoife. 

1  have  lately  made  a  fcale  for  comparing  thefe 
weights  with  one  another,  and  (hewing  the 
weight  of  pump-water,  proof  fpirits,  pure  (pi- 
nts, and  guinea  gold,  taken  in  cubic  inches^ 
to  any  quantity  lefs  than  a  pound,  both  in  troy 
and  avoirdupoife  •,  only  by  Aiding  one  fide  of  a 
fquare  along  the  Icale,  and  the  other  fide  crof- 
fing  it. 
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The  two  following  examples  will  be  fufficient 
to  explain  thefe  two  ubks,  and  ftew  their  agree* 
ment. 

Ex.  I.  In  6835  Troy  pounds  6  ounces  9  penny- 
weights  6  grains^  ^.  How  much  Jvoirdupoife 
weight  f    (See  page  165O 
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Anfwer.        |  5624  10  11.90 

Ex.  11.  In  5624  pounds  10  ^^//rr^j  12  ^41;^/ 
Avoirdupoife^  ^.  how  much  Troy  weight  f 
(Seepage  166) 
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IHIS  fciencc  treats  of  the  nature,  weJgbt; 
preflure,  and  fpring  of  the  air,  and  the 
cfFeds  arifing  therefrom. 
The  pro-  The  air  is  that  thin  tranfparent  fluid  body  in 
perties  of  which  we  live  and  breathe.  It  encompafTes  the 
*"'•  whole  earth  to  a  confiderable  height  •,   and,  to- 

gether with  the  clouds  and  vapours  that  float  in 
it,  it  is  called  the  atmolphere.  The  air  is  juftly 
reckoned  among  the  number  of  fluids,  becaufe 
it  has  all  the  properties  by  which  a  fluid  is  dif« 
tinguiflied.  *  For,  it  yields  to  the  leaft  force 
imprefled,  its  parts  are  cafily  moved  among  one 
another,  it  preflfes  according  to  its  perpendicu- 
lar height,  and  its  prcflurc  is  every  way  equal. 

That  the  air  is  a  fluid,  confifliing  of  fuch 
particles  as  have  no  cohefion  betwixt  them,  but 
cafily  glide  over  one  another,  and  yield  to  the 
flighted  impreflion,  appears  from  that  eafe  and 
freedom  with  wliich  animals  breathe  in  it,  and 
move  through  it  without  any  difficulty  or  fen- 
fible  refiftance. 

But  it  differs  from  all  other  fluids  in  the  four 
following  particulars,  i.  It  can  be  comprefled 
into  a  much  lefs  fpace  than  what  it  naturally 
poflcflTeth,  which  no  other  fluid  can,  i.  It  cannot 
be  congealed  or  fixed,  as  other  fluids  may.  3.  It 
is  of  a  different  denfity  in  every  part,  upward 
from  the  earth's  furface,  decreafing  in  its  weight, 
bulk  for  bulk,  the  higher  it  rifes ;  and  therefore 
muft  alfo  decreafe  in  denfity.     4.  It  is  of  an 

elaftic 
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elaftic  or  fpringy  nature,  and  the  force  of  its 
ipring  is  dqual  to  its  weight. 

That  air  is  a  body,  is  evident  from  its  ex* 
eluding  all  other  bodies  out  of  the  fpace  it  pof- 
fcfles :  for,  if  a  glafs  jar  be  plunged  with  its 
mouth  downward  into  a  vcflcl  of  water,  there 
will  but  very  little  water  get  into  the  jar,  becaufe 
the  air  of  which  it  is  full  keeps  the  water  out. 

As  air  is  a  body,  it  muft  needs  have  gravity 
or  weight:  and  that  it  is  weighty,  is  demon- 
ftrated  by  experiment.  For,  let  the  air  be 
taken  out  of  a  veflel  by  means  of  the  air-pump, 
then,  having  weighed  the  veffel,  let  in  the  air 
again,  and  upon  weighing  it  when  re-filled  with 
air,  it  will  be  found  confiderably  heavier.  Thus, 
a  bottle  that  holds  a  wine  quart,  being  emptied 
of  air  and  weighed,  is  found  to  be  about  i5 
grains  lighter  than  when  the  air  is  let  into  it 
again  ;  which  fhews  that  a  quart  of  air  weighs 
16  grains.  But  a  quart  of  water  weighs  146 21 
grains*,  this  divided  by  16,  quotes  914  in  round 
numbers;  which  (hews,  that  water  is  914  times 
as  heavy  as  air  near  the  furface  of  the  earth. 

As  the  air  rifes  above  the  earth's  furface,  it 
grows  rarer,  and  confequently  lighter,  bulk  for 
bulk.  For,  becaufe  it  is  of  an  elaftic  or  fpringy 
nature,  and  its  lowermoft  parts  are  pre0ed  with 
the  weight  of  all  that  is  above  them,  it  is  plain 
that  the  air  muft  be  nK>re  denfe  or  compact  at 
the  earth's  furface,  than  at  any  height  above  it; 
and  gradually  rarer  the  higher  up.  For,  the 
denfity  of  the  air  is  always  as  the  force  that 
compreffcth  it;  and  therefore,  the  air  towards 
the  upper  parts  of  the  atmofphere  being  lefs 
prefTed  than  that  which  is  near  the  earth,  it  will 
expand  itfelf,  and  thereby  become  thinner  tbai^ 
at  the  earth's  furface. 

M  4  Du 
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Dr.  Cotes  has  demonftraced,  that  if  alticiidci 
in  the  air  be  taken  in  arithmetical  proporciofii 
the  rarity  of  the  air  will  be  io  geotnetrical  pro- 
portion.    For  inftance. 
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And  hence  it  is  eafy  to  prove  by  calculation, 
that  a  cubic  inch  of  fuch  air  as  we  breathe, 
would  be  fo  much  rarefied  at  the  altitude  of  500 
miles,  that  it  would  fill  a  hollow  fphere  equal  in 
diameter  to  the  orbit  of  Saturn. 

The  weight  or  preflure  of  the  air  is  exactly 
determined  by  the  following  experiment. 

Take  a  glafs  tube  about  three  feet  long,  and 
open  at  one  end ;  fill  it  with  quickfilver,  and 
potting  your  finger  upon  the  open  end,  turn 
that  end  downward,  and  immerfc  it  into  a  fm^iU 

veffel 
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▼eficl  of  qqickrilver*  without  letting  in  any  air : 
then  take  away  your  finger ;  and  the  quickGlver 
will  remain  fufpended  in  the  tube  29-^  inches 
aboye  its  furface  in  the  vefleh  fometimes  more, 
and  at  other  times  lefs,  as  the  weight  of  the 
air  is  varied  by  winds  and  other  caufes.  That 
the  Quickfilver  is  kept  up  in  the  tube  by  the 
prefifure  of  the  atmofphere  upon  that  in  the  ba*  . 
ion,  is  evident;  for,  if  the  bafon  and  tube  be 
put  under  a  glafs,  and  the  air  be  then  taken  out 
of  the  gla6,  all  the  ouickfilver  in  the  tube  will 
fall  down  into  the  baton;  and  if  the  air  be  let  in 
again,  the  quickfilver  will  rife  to  the  fame 
height  as  before.  Therefore  the  air^s  pnefiure 
on  the  furface  of  the  earth,  is  equal  to  the 
weight  of  294  inches  depth  of  quickfilver  all 
over  the  earth's  furface,  at  a  mean  rate. 

A  iquare  column  of  quickfilver,  29;.  inches 
high,  and  one  mch  thick,  weighs  juft  15 
pounds,  which  is  equal  to  the  preflure  of  air 
upon  every  fquare  inch  of  the  earth's  furface ; 
and  144  times  as  much,  or  2160  pounds,  upon 
every  fquare  foot ;  becaufe  a  fquare  foot  con- 
tains  1 44  fquare  inches.  At  this  rate,  a  middle- 
fized  man,  whofc  furface  may  be  about  14  fquare 
feet,  fuftains  a  prefifure  of  30240  pound<;, 
when  the  air  is  or  a  mean  gravity :  a  prefilire 
which  would  be  infup portable,  and  even  fatal 
to  us,  were  it  not  equal  on  every  part,  and 
counterbalanced  by  the  fpring  of  the  air  within 
us,  which  is  difFufed  through  the  whole  body  ; 
and  re-afts  with  an  equal  force  againft  the  out- 
ward preflure. 

Now,  fince  the  earth's  furface  contains  (in 
round  numbers)  200,000,000  fquare  miles, 
and  every  fquare  mile  27,878,400  fquare  feet, 
there  muft  be  5,575,680,000,000,000  fquare 

feet 
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feet  on  the  earth's  furface;  which  multiplied  bf 
2160  pounds  (the  preflure  on  each  fquare  foot] 
gives  1 2,043,468,800,000,000,000  pounds  for 
the  preflure  or  weight  of  thie  whole  atmo- 
fphere. 

When  the  end  of  a  pipe  is  immeried  in  water, 
and  the  air  is  taken  out  of  the  pipe,  the  water 
will  rife  in  it  to  the  height  of  33  feet  above 
the  furface  of  the  water  in  which  it  is  immerfed; 
but  will  go  no  higher :  for  it  is  founds  that  a 
common  pump  wUl  draw  water  no  higher  than 
33  feet  above  the  furface  of  the  well :  and  unle& 
the  bucket  goes  within  that  diflance  from  the 
well,  the  water  wiU  never  get  above  it.  Now^ 
as  it  is  the  prefTure  of  the  atmofphere,  on  the 
furface  of  the  water  in  the  well,  that  caufes  the 
water  to  afcend  in  the  pump,  and  follow  the 
pifton  or  bucket,  when  the  air  above  it  is  lifted 
up  *,  it  is  evident,  that  a  column  of  water  33 
feet  high,  is  equal  in  weight  to  a  column  c^ 
quickfilver  of  the  fame  diameter,  294-  inches 
high  ;  and  to  as  thick  a  column  of  air,  reach- 
ing from  the  earth's  furface  to  the  top  of  the 
atmofphere. 
The  *iiro-  In  ferene  calm  weather,  the  air  has  weight 
wettr.  enough  tofupport  a  column  of  quickfilver  31 
inches  high ;  but  in  tempeftuous  ftormy  wea- 
ther,  not  above  28  inches.  The  quickfilver, 
thus  fupported  in  a  glafs  tube,  is  found  to  be  a 
nice  counterbalance  to  the  weight  or  preffurc  of 
the  air,  and  to  fiiew  its  alterations  at  diflferent 
times.  And  being  now  generally  ufcd  to  de- 
note the  changes  in  the  weight  of  the  air,  and 
of  the  weather  confequent  upon  them,  it  is 
called  the  barometer^  or  weather-glafs. 

1  he  preffure  of  the  air  being  equal  on  all 
fides  of  a  body  expofed  to  it,  the  fofteft  bodies 

fuftaia 
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fuftain  this  prcffure  without  fufFcring  any. change 
in  their  figure  •,  and  fo  do  the  molt  brittle  bodies 
without  being  broke. 

The  air  is  rarefied,  or  made  to  fwell  with 
heat ;  and  of  this  property,  wind  is  a  neceflary  The  caufe 
confequence. .  For,  when  any  part  of  the  air  is  of<iviftdu 
heated  by  the  fun,  or  othcrwife,  it  will  fwell, 
and  thereby  afFcft  the  adjacent  air :  and  fo,  by 
various  degrees  of  heat  in  different  places,  there 
will  arife  various  winds,  ' 

When  the  air  is  much  heated,  it  will  afcend 
towards  the  upper  part  of  the  atmofphere,  and 
the  adjacent  air  will  rufh  in  to  fupply  its  place  ; 
and  therefore,  there  will  be  a  ftream  or  current 
of  air  from  all  parts  towards  the  place  where 
the  heat  is.  And  hence  we  fee  the  reafon  why 
the  air  rulhes  with  fuch  force  into  a  glafs-houfe, 
or  towards  any  place  where  a  great  fire  is  made. 
And  alfo,  why  fmoke  is  carried  up  a  chimney, 
and  why  the  air  rulhes  in  at  the  key-hole  of  the 
door,  or  any  fmall  chihk,  when  there  is  a  fire 
in  the  room.  So  we  may  take  it  in  general,  that 
t)ie  air  will  prefs  towards  that  part  of  the  world 
where  it  is  mod  heated. 

Upon  this  principle,  we  can  eafily  account  for  Th© 
the  trade-winds^  which  blow  conftantly  from  eaft  '''^^^- 
to  weft  about  the  equator.    For,  when  the  fun  "^^^  '• 
'  fliines  perpendicularly  on  any  part  of  the  earth, 
it  Will  heat  the  air  very  much  in  that  parr,  which 
air  will  therefore  rife  upward,  and  when  the  full 
withdraws,  the  adjacent  air  will  rufli  in  to  fill  its 
place ;  and  confequently  will  caufe  a  ftream  or 
current  of  air  from  all  parts  towards  that  which 
is  moft  heated  by  the  fun.    But  as  the  fun,  with 
refpeft  to  the  earth,  moves  from  eaft  to  weft, 
the  common  courfe  of  the  air  will  be  that  way 
too ;  continqally  preffmg  after  the  fun :    and 

therefore, 
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therefore)  at  the  equator,  where  tKe  fun  fhioes 
ftroTngly,  there  will  be  a  continual  wind  from 
the  eafl: ;  but,  on  the  north  fide,  it  will  incline 
a  little  to  the  north,  and  on  the  fouth-fide,  to 
the  fouth. 

This  general  courfe  of  the  wind  about  the 
equator,  is  changed  in  feveral  places,  and 
upon  feveral  accounts ;  as,  i.  By  exhalations 
that  rife  out  of  the  earth  at  certain  times,  and 
from  certain  places ;  in  earthquakes,  and  from 
volcanos.  2.  By  the  falling  of  great  quanti- 
ties of  rain,  caufing  thereby  a  fudden  conden- 
iation  or  contraftion  of  the  air.  3.  By  burn- 
ing fands,  that  often  retain  the  folar  heat  to  a 
degree  incredible  to  thofe  who  have  not  felt  it, 
caufing  a  more  than  ordinary  rarefaftion  of  the 
air  contiguous  to  them.  4.  By  high  moun- 
tains, which  alter  the  diredion  of  the  winds 
tfin  ftriking  againft  them.  5.  By  the  declina- 
tion of  the  fun  towards  the  north  or  ibuth, 
heating  the  air  on  the  north  or  fouth  fide  of  the 
equator. 
The  moH^  To  thefe  and  fuch  like  caufes  is  owing,  1.  The 
A*''  irregularity  and  uncertainty  of  winds  in  climates 
didant  from  the  equator,  as  in  mod  parts  of 
Europe.  2.  Thofe  periodical  winds,  called 
monfeons^  which  in  the  Indian  feas  blow  half  a 
year  one  way,  and  the  other  half  another. 
3.  Thofe  winds  which,  on  the  coaft  of  Guiney^ 
and  on  the  weftern  coafts  of  America^  blow  al- 
ways from  weft  to  eaft.  4.  The  fea-breezes, 
which,  in  hot  countries,  blow  generally  from 
fea  to  land,  in  the  day-time;  and  the  land- 
breezes,  which  blow  in  the  night ;  and,  in  (hort, 
all  thofe  ftorms,  hurricanes,  whirlwinds,  and 
irregularities,  which  happen  at  different  times 
and  places. 

All 
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All  common  air  is  impregnated  with  a  cet-  The<piW- 
tain  kind  of  vivifying  fpirit  or  quality^  which  \%fyj'^/pi' 
neceflary  to  continue  the  lives  of  animals  :  and '"''  '*  ^^'^^ 
this,  in  a  gallon  of  air,  is  fufficient  for  one  man 
during  the  fpace  of  a  minute,  and  not  much 
longer. 

*  This  fpirit  in  air  is  deftroyed  by  paflTing 
through  the  lungs  of  animals :  and  hence  it  is, 
that  an  animal  dies  foon,  after  being  put  under 
a  veOel  which  admits  no  fre(h  air  to  come  to  it. 
This  foirit  is  alio  in  the  air  which  is  in  water ; 
for  fim  die  when  they  are  excluded  from  frelh 
air,  as  in  a  pond  that  is  clofely  frozen  over. 
And  the  little  eggs  of  infe£ls,  (topped  up  in  a 
glafs,  do  not  produce  their  young,  though 
ftffifted  by  a  kindly  warmth.  The  feeds  alfo  of 
plants  mixed  with  good  earth,  and  incbfed  in 
a  glafs,  will  not  grow. 

This  enlivening  quality  in  air,  is  alfo  de- 
ftroyed  by  the  air's  paflTing  through  fire ;  parti- 
cularly charcoal  fire,  or  the  flame  of  fulphur. 
Hence,  fmt^ing  chimneys  muft  be  very  un- 
wholefome,  efpecially  if  the  rooms  they  are  in 
be  fmall  and  clofe. 

Air  is  alfo  vitiated,  by  remaining  clofely 
pent  up  in  any  place  for  a  confiderable  time; 
or  perhaps,  by  being  mixed  with  malignant 
fieams  and  particles  flowing  from  the  neighbour- 
ing bodies  :  or  laftly,  by  the  corruption  of  the 
vivifying  fpirit ;  as  in  the  holds  of  (hips,  in 
oil-cifterns,  or  wine-cellars,  which  have  been 
{hut  for  a  confiderable  time.  The  air  in  any  of 
them  is  fometimes  (b  much  vitiated,  as  to  be  im- 
mediate death  to  any  animal  that  comcfs  into  it. 
'  Air  that  has  loft  its  vivifying  fpirit,  is  called  /)j«,^,. 
damp^  not  only  becaufe  it  is  filled  with  humid 
or  moid  vapours,  but  becaufe  it  deadens  fire, 

cxtin- 
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extinguirties   flame,    and  deftroys   lifc,      Ttel 
dreadful  tff^&s  of  damps  are  fufEciently  knowa 
to  fuch  as  work  in  mines. 

If  part  of  the  vivifying  fpirit  of  air  in  any 
country  begins  to  putrefy,  the  inhabitants  of  that 
country  will  be  fubje6t  to  an  epidemical  difeafCf 
which  will  continue  until  the  putrefaftion  is 
over.  And  as  the  putrefying  fpirit  occaOons 
the  di feafcj  fo  if  the  difeafed  body  contributes 
towards  the  putrefying  of  the  air,  then  the  dif- 
eafe  will  not  only  be  epidemical,  but  peftilential 
and  contagious. 

The  atmofphere  is  the  common  receptacle  of 
all  the  effluvia  or  vapours  arifing  from  difibrent 
bodies-,  of  the  (learns  and  fmoke  of  things  burnt 
or  melted ;  the  fogs  or  vapours  proceeding  from 
damp  watery  places ;  and  of  the  effluvia  from 
fulphureous,  nitrous,  acid,  and  alkaline  bodies. 
In  (hort,  whatever  may  be  called  volatile,  rifes 
in  the  air  to  greater  or  lefs  heights,  according 
to  its  fpecific  gravity. 
Fermtnta-  When  the  effluvia,  which  arife  from  acid  and 
''•"'•  alkaline  bodies,  meet  each  other  in  the  air, 
there  will  be  a  ftrong  conflift  or  fermentation  be- 
tween them  ;  which  will  fometimes  be  fo  great, 
as  to  produce  a  fire ;  then  if  the  effluvia  be 
combuftible,  the  fire  will  run  from  one  part 
to  another,  jud  as  the  inflammable  matter  hap- 
pens to  lie. 

Any  one  may  be  convinced  of  this,  by  mixing 
an  acid  and  an  alkaline  fluid  together,  as  the 
fpirit  of  nitre  and  oil  of  cloves ;  upon  the  doing 
of  which,  a  fudden  ferment,  with  a  fine  flame, 
will  arife ;  and  if  the  ingredients  be  very  pure 
and  ftrong,  there  will  be  a  fudden  explofion. 
Tbundir  Whoever  confiders  the  effefts  of  fermenta- 
and //jf^/.  tion,   cannot  be  at  a  lofs  to  account  for  the 
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dreadful  eflfcAs  of  thunder  and  lightning :  for  the 
effluvia  of  fulphurcous  and  nitrous  bodies,  and 
others  that  may  rife  into  the  atmofphere,  will 
ferment  with  each  other,  and  take  fire  very  often 
of  themfelvesi  fometimes  by  the  affiftance  of  the 
fun^s  heat. 

If  the  inflammable  matter  be  thin  and  light, 
it  will  rife  to  the  upper  part  of  the  atmofphere, 
where  it  will  flalh  without  doing  any  harm: 
but  if  it  be  denfe,  it  will  lie  near  the  fur- 
face  of  the  earth,  where  {taking  fire,  it  will  ex- 
plode with  a  furprifing  force ;  and  by  its  heat 
rarefy  and  drive  away  the  air,  kill  men  and 
cattle,  fplit  trees,  walls,  rocks,  &c.  and  be  ac« 
companied  with  terrible  claps  of  thunder. 

The  heat  of  lightning  appears  to  be  quite 
different  from  that  of  other  fires ;  for  it  has 
been  known  to  run  through  wood,  leather, 
cloth,  &c.  without  hurting  them,  while  it  has 
broken  and  melted  iron,  fteel,  filver,  gold,  and 
other  hard  bodies.  Thus  it  has  meited  or  burnt  " 
afunder  a  fword,  without  hurting  the  fcabbard  i 
and  money  in  a  man's  pocket,  without  hurting 
his  cloaths :  the  reafon  of  this  feems  to  be,  that 
the  particles  of  that  fire  are  fo  fine,  as  to  pafs 
through  foft  loofc  bodies  without  difTolving 
them ;  whilft  they  fpend  their  whole  force  upon 
the  hard  ones. 

It  is  remarkable,  that  knives  and  forks  which 
have  been  ftruck  with  lightning  have  a  very 
ilrong  magnetical  virtue  for  feveral  years  after  ; 
and  1  have  heard  that  lightning  ftriking  upon 
the  mariner's  compafs,  will  fometimes  turn  it 
round ;  and  often  make  it  {land  the  contrary 
way,  or  with  the  north-pole  towards  the  fouth. 

Much  of  the  fame  kind  with  lightning,  are  f,'ri. 
thofe  explofions,  ciiled  fulminating  or  fire-damps^  damft. 
8  which 
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which  fometimes  happen  in  mines;  arid  8t| 
occafloncd  by  fulphureous  and  nitrous,  or  n« 
ther  oleaginous  parcicles,  rifing  from  the  minei 
and  mixing  with  the  air,  where  they  will  take 
fire  by  the  lights  which  the  workmen  arc  obliged 
to  make  ufe  of.  The  fire  being  kindled  will 
run  from  one  part  of  the  mine  to  another,  like 
a  train  of  gunpowder,  as  the  combuftible  matter 
happens  to  lie.  And  as  the  elafticity  of  the  air 
is  increafed  by  heat,  ihat  in  the  mine  will  con« 
fequcntly  fwcU  very  much,  and  fo,  for  want  of 
room,  will  explode  with  a  greater  or  Icfs  degree 
of  force,  according  to  the  denfity  of  the  com- 
buftible vapours.  It  is  fometimes  fo  ftrong,  as 
to  blow  up  the  mine  ;  and  at  other  times  fo 
weak,  that  when  it  has  taken  Hre  at  the  flame 
of  a  candle,  it  is  eafily  blown  out. 

Air  that  will  take  fire  at  the  flame  of  a  candle 

may  be  produced  thus.     Having  exhaufted  a 

receiver  of  the  air-pump,  let  the  air  run  into  it 

'  through  the  flame  of  the  oil  of  turpentine ;  then 

remove  the  cover  of  the  receiver,  and  holding  a 

candle  to  that  air,  it  will  take  fire,  and   bum 

quicker  or  flower,  according  to  the  denfity  of 

the  oleaginous  vapour. 

EM^h-         When  fuch  combuftible  matter,  as  is  above* 

fua^es.     mentioned,  kindles  in  the  bowels  of  the  earth, 

where  there  is  little  or  no  vent,    it  produces 

earthquakes^  and  violent  ftorms  or  hurricanes  of 

wind  when  it  breaks  forth  into  the  air. 

An  artificial  earthquake  may  be  made  thus. 
Take  lo  or  15  pounds  of  fulphur,  and  as  much 
of  the  filings  of  iron,  and  knead  them  with 
common  water  into  the  confiftency  of  a  pafte  : 
this  being  buried  in  the  ground,  will,  in  8  or 
JO  hours  time,  buft  out  in  flames,  and  cauTe 
1  the 
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the  earth  to  tremble  all  around  to  a  confiderable 
diftance. 

From  this  experiment  we  have  a  very  natural 
account  of  the  fires  of  mount  JEtna^  Vefuvius^ 
and  other  yolcanosj  they  being  probably  fee 
or  Bre  at  firft  by  the  mixture  of  fuch  metalline 
and  fulphureous  particles. 

The  air  pump  being  conftrufted  the  fame  way  piatcXrv* 
as  the  water-pump,  whoever  underdands  the  Fig.  1. 
one,  will  be  at  no  lofs  to  underhand  the  other. 

Having  put  a  wet  leather  on  the  plate  L  L  The  «>- 
of  the  air-pump,  place  the  glafs  receiver  Mf^^f* 
upon  the  leather,  fo  that  the  hole  /  in  the  plate 
may  be  within  the  glafs.  Then,  turning  the 
handle  F  backward  and  forward,  the  air  will  be 
pumped  out  of  the  receiver ;  which  will  then 
DC  held  down  to  the  plate  by  the  preffure  of  the 
external  air,  or  atmofphere.  For,  as  the  handle 
F(Fig.  2.)  is  turned  backwards,  it  raifes  the 
pifton  de  \n  the  barrel  BKy  by  means  of  the 
wheel  E  and  rack  Dd:  and,  as  the  pifton  is  lea- 
thered fo  tight  as  to.  .fit  the  barrel  exaftly,  no 
air  can  get  Between  the  pifton  and  barrel ;  and 
therefore,  all  the  air  above  d*  in  the  barrel  is  ' 
lifted  up  towards  B^  aind  a  vacuum  is  made  in 
the  barrel  from  ^  to  ^;  upon  which,  part  of  the 
air  in  the  receiver  M  (Fig.  i,)  by  its  fpring, 
ruflies  through  the  hole  /,  in  the  brafs  plate 
iJL,  along  the  pipe  GCG  (which  communi- 
cates with  both  barrels  by  the  hollow  trunk  IHK 
(Fig.  2.)  and  pulhing  up  the  valve  b^  enters 
into  the  vacant  place  beo\  the  barrel  BK.  For, 
wherever  the  refiftance  or  preflure  is  taken  off, 
the  air  will  run  to  that  place,  if  it  can  find  a 
paflfage. — Then,  if  the  handle  F  be  turned 
forward,  the  pifton  de  will  bt  depreflfed  in  the 
barrel^  and,  as  the  air  which  had  got  into  the 
N  #  barrel 
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barrel  cannot  be  pulhed  back  through  the  vahtl 
*,  it  will  afcend  through  a  hole  in  the  pift«i|J 
and  efcape  through  a  valve  at  J;  and  be  hin-|^ 
dercd  by  that  valve  from  returning  into  the  bar- 
rel,  when  the  pifton  is  again   railed.     At  the 
next  raifing  of  the  pifton,  a  vacuum  is  vgk 
made  in  the  famt^  manner  as  before,  between  I* 
and  e  ;   upon  which,   more  of  the  air  that  «» 
left  in  the  receiver  A/,  gets  out  thence  by  id 
fpring,  and  runs  into  the  barrel  B  if,  through 
the  valve  B.     The  fame  thing  is  to  be  undcr- 
ftood  with  regard  to  the  other  barrel  AI\vA 
as  the  handle  F  is  turned  backwards  and  for- 
wards, it  alternately  raifes  and  deprefles  the  pit 
tons  in  their  barrels ;  always  raifing  one  whilft 
it  depreffes  the  other.     And,  as  there  is  a  va- 
cuum  made  in  each  barrel  *whcn  its  pifton  ii 
raifed,  the  particles  of  air  in  the  receiver  M 
pu(h  out  another  by  their  fprlng  or  elaftidcy, 
through  the  hole  /,  and  pipe  G  G  into  the  bar- 
rels; until  at  laft  the  air  in  the  receiver  comes  to 
be  fo  much  dilated,  and  its  fpring  fo  far  weak- 
ened, that  it  can  no  longer  get  through  the 
valves ;  and  then  no  more  can   be  taken  ouL 
Hence,  there  is  no  fuch  thing  as  making  a  per- 
fecl  vacuum  in  the  receiver-,  for  the  quantity  of 
air  taken  out  at  any  one  ftroke,  will  always  be  as 
the  denfity  thereof  in  the  receiver :  and  there- 
fore it  is  impoftible  to  take  it  all  out,  becaufe, 
fuppofing  the  receiver  and  barrels  of  equal  ca- 
pacity, there  will  be  always  as  much  leit  as  was 
taken  out  at  the  laft  turn  of  the  handle. 

There  is  a  cock  k  below  the  pump- plate, 
which  being  turned,  lets  the  air  into  the  receiver 
again ;  and  then  the  receiver  becomes  loole,  and 
may  be  taken  off  the  plate.  The  barrels  are 
fixed  to  the^  frame  Ee  e  by  two  fcrew-nuts  //« 

which 
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;^  Ifrliich  prcfs  down  the  top  piece  E  upon  the  bar- 
^  tcls  :•  and  the  hollow  trunk  H  (in  Fig.  2.)  is 
^^  covered  by  a  box,  i%  G  H  \n  Fig.  i. 

There  is  a  glafs  tube  tmmmn  open  at  both 
ends,  and  about  34  inches  long;  the  upper  end 
^commupicating  with  the  hole  in  the  pump-plate^ ' 
"and  the  lower  end  immerfed  in  quickfiiver  at  n 
in  the  veflel  N.  To  this  tube  is  fitted  a  wooden 
jruler  mm^  called  tht  gage^  which  is  divided  into 
inches  and  parts  of  an  inch,  from  the  bottom  at' 
ii  (where  it  is  even  with  the  furface  of  the  quick- 
Blver)  and  continued  up  to  the  top,  a  little 
ixJow  i^  to  30  or  31  inches.  ^ 

As  the  air  is  puniped  outof  the  receiver  M,  it  is 
'  likewife  pumped  out  of  the  glafs  tube  Imn^  be- 
.caufe  that  tube  opens  into  the  receiver  through 
<be  pump-plate }  and  as  the  tube  is  gradually 
emptied  of  air,  the  quckfilver  in  the  veflel  iVis 
\  forced  up  into  the  tube  by  the  preflure  of  the 
'  vniofphere.     And  if  the  receiver  could  be  per- 
\  dfeAly  exhaulled  of  air,   the  quickfilver  would 
fiand  as  high  in  the  tube  as  it  does  at  that  time. 
in  the  barometer  :   for  it  is  fupported  by  the 
ftme  power  or  weight   of  the  atmofphere  in 
both. 
*  .     The  quantity  of  air  exhaufted  out  of  the  re- 
ceiver on  each  turn  of  the  handle,  is  always  pro- 
portionable to  the  afcent  of  the  quickfilver  on 
that  turn  ;  and  the  quantity  of  air  remaining  in 
the  receiver,  is  proportionable  to  the  defcft  of 
the  height  of  the  quickfilver  in  the  gage,  from 
what  it  is  at  that  time  in  the  barometer. 

I  (hall  now  give  an  account  of  the  experimeats 
made  with  the  air-pump  in  my  lectures ;  (hew- 
ing the  refiftance,  weight,  and  tlafticiiy  of  the 
mir. 

N  a  I.Tb 
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I.  ^ojbew  the  rejijlanci  of  the  airm 

I.  There  is  a  little  machine,  confifting  of  two 
T\g.  3.  mills,  a  and  h^  which  are  of  equal  weights,  in- 
dependent of  each  other,  and  turn  equally  free 
on  their  axes  in  the  frame.  Each  mill  has  four 
thin  arms  or  fails,  fixed  into  the  axis  :  thofe  of 
the  mill  a  have  their  planes  at  right  angles  to  its 
.  axis»  and  thofe  of  h  have  their  planes  parallel  to 
it.  Therefore,  as  the  mill  a  turns  round  in  com* 
mon  air,  it  is  but  little  refifted  thereby^  becauft 
it's  fails  cut  the  air  with  their  thin  edges :  but 
the  mill  b  is  much  lefifted,  becaufe  the  broad 
fides  of  it's  fails  move  againft  the  air  when  it 
turns  round.  In  each  axle  is  a  pin  near  the 
middle  of  the  frame,  which  goes  quite  through 
the  axle,  and  (lands  out  a  litde  on  each  fide  of  it: 
upon  thefe  pins,  the  Qider  d  may  be  made  to  bear, 
and  fo  hinder  the  mills  from  going,  when  the 
ftrong  fpring  c  is  fet  On  bend  againft  the  oppofite 
ends  of  the  pins. 

Having  fet  this  machine  upon  the  pump* 
plate  L  L  (Fig.  i.)  draw  up  the  Aider  J  to  the 
pins  on  one  fide,  and  fet  the  fpring  c  at  bend 
upon  the  oppofite  ends  of  the  pins :  then  pu(h 
down  the  Aider  d^  and  the  fpring  a£bing  equally 
flrong  upon  each  mill,  will  fet  them  both  a  going 
with  equal  forces  and  velocities :  but  the  mill  « 
will  run  much  longer  than  the  mill  ^,  becaufe  the 
air  makes  much  lefs  refiftance  againft  the  edges 
of  its  fails,  than  againft  the  Ades  of  the  fails 
of*.    ^ 

Draw  up  the  Aider  again,  and  fet  the  fpring 
upon  the  pins  as  before ;  then  cover  the  ma- 
chine with  the  receiver  M  upon  the  pump- 
Fig.  I.     plate,  and  having  exhaufted  the  receiver  of  air, 

pulh 


Of  tie  jfir-Pump.  183 

'pu(h  down  the  wire  PP  (through  the  collcr  of 
leathers  in  the  neck  q)  upon  the  Aider ;  which 
will  difengage  it  from  the  pins,  and  allow  the 
mills  taturn  round  by  the  impulfe  of  the  fpring: 
and  as  there  is  no  air  in  the  receiver  to  niake  any 
fenfible  reliftance  agaihft  them,  they  will  both 
move  a  coniiderable  time  longer  than  they  did 
in*  the  open  air;  and  the  moment  that  one  ftops,  - 
the  other  will  do  fo  too.*— This  (hews  that  air 
refills  bodies  in  motion,  and  that  equal  bodies 

I  meet  with  different  degrees  of  refiftance,  accord- 
ing as  they  prefent  greater  or  lefs  furfaces  to  the  , 
JBTp  in  the  planes  of  their  motions. 

2,  Take  off  the  receiver  A/,  and  the  mills ;  pjg^  . 
and  having  put  the  guinea  a  and  feather  h  upon 
the  bn^  nap  r,  turn  up  the  flap,  and  (hut  it  into 
the  notch  d.  Then,  putting  a  wet  leather  over 
fhe  topof  the  tall  receiver  -^fi(it  being  open  both 
ar  cbi^  and  battom)  cover  it  with  the  plate  C» 
fsom  wMch  the  guinea  and  feather  tongs  ed  will 
then  hang  within  the  receiver.  This  done,  pump 
the  air  out  of  the  receiver  j  and  then  draw  up 
the  wire /a  little,  which  by  a  fquare  piece  on  itsr 
loWerend  will  open  the  tongs  ed\  and  the  flap 
falTing  down  as  at  r,  the  guinea  and  feather  will 
deicend  with  equal  velocities  in  the  receiver; 
and  both  will  fall  upon  the  pump- plate  at  the 
fame  inftant.  N.  B.  In  this  experiment,  the 
obfervers  ought  not  to  look  at  the  top,  but  at  the 
bottom  of  the  receiver;  in  order  to  fee  the  gui- 
nea and  feather  fall  upon-  the  plate :  otherwife, 
on  account  of  the  quicknefs  of  their  motion,  they 
will  efcape  the  fight  of  the  beholders. 
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II.  To  flew  the  weight  af  the  air. 

1.  Having  fitted  a  brafs  cap,  with  a  valv« 
tied  over  it,  to  the  mouth  of  a  thin  bottle  or 
Florence  flafk,  whofe  contents  are  exadly  knowoi 
ifcrew  the  neck  of  this  cap  into  the  hole  1  of  the 
pump-plate :  then,  having  exhaufted  the  air  out 
of  the  flalli,  and  taken  it  off  from  the  pump,  let 
i(  be  furpencic:4  at  one  end  of  a  balance,  and  nicely 
counterpoifed  by  weights  in  the  fcale  at  the  other 
end :  this  done,  raife  qp  the  valve  with  a  pin,  and 
the  air  will  rulh  into  the  flafk  with  an  audible 
nolle  :  during  which  tiipe,  the  fla(k  wiUdefceod, 
and  pull  down  that  end  of  the  beam.  When  the 
noife  is  over,  put  as  many  grains  into  the  fcale  at 
the  other  end  as  will  reftore  the  equilibrium ; 
and  they  will  fhew  exactly  the  weight  of  the 
quantity  of  air  which  has  got  into  the  flaik^  and 
Biled  it.  If  the  flafk  holds  an  exa£b  quart,  it 
V^ill  be  found,  that  16  grains  will  reftore  the 
equipoife  of  the  balance,  when  the  quickfilver 
ftands  at  29!  inches  in  the  barometer:  which 
fhews,  that  when  the  air  is  at  a  mean  rate  of  den- 
fity,  a  quart  of  it  weighs  16  grains  :  it  weighs 
more  when  the  quick (ilver  flands  higher  %  and 
lefs  when  it  flands  lower. 

2.  Place  the  frpall  receiver  O  (Fig.  i.)  oyer  the 
hole  /  in  the  pump-plate,  and  upon  exhaufting 
the  air,  the  receiver  will  be  fixed  down  to  the 
plate  by  the  prefTure  of  the  air  on  its  outfidey 
which  is  left  to  a£t  alone,  without  any  ^ir  in  the 
receiver  to  ad  againfl  it :  and  this  preflure  wiU 
be  equal  to  as  many  times  15  pounds,  as  there 
are  fquare  inches  in  that  part  of  the  plate  which 
the  receiver  covers  ;  which  will  hold  down  the 
feceiyer  fo  fatl,  that  it  cannot  be  got  off,  until 

5  \^% 
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the  air  be  let  into  it  by  turning  the  cock  k  \  and 
then  it  becomes  loofe. 

3.  Set  the  little  glafs  A  B  (which  is  open  at  Fig.  5. 
both  ends)  over  the  hole  /  upon  the  pump-plate 

L  Z,  and  put  your  hand  c'ofe  upon  the  top  of  it 
at  B :  then,  upon  cxhaufting  the  air  out  of  the 
glais,  you  will  find  your  hand  prcffcd  down  mth 
a  great' weight  upon  it:  (0  that  you  can  hardly 
releafe  it,  until  the  air  be  re-admitted  into  the 
glafs  by  turning  the  cock  k  ;  which  air,  by  aft- 
ing  as  ilrongly  upward  againft  the  hand  »s  the 
external  air  afted  in  preffing  it  downward,  will 
releafe  the  hand  from  its  confinement. 

4.  Having  tied  a  piece  of  wet  bladder  If  over  Fig.  6. 
the  open  top  of  the  glafs  y/ (which  is  aUb  open  at 
bottom)  fct  it  to  dry,  and  then  the  bladder  will 

be  tight  like  a  drum.  Then  place  the  opern  end 
ji  upon  the  pump-place,  over  the  hole  /,  and 
begin  to  exhauft  the  air  out  of  the  glafs.  As 
the  air  is  exhaufting,  its  fpring  in  the  glafs  will 
be  weakened,  and  give  way  to  the  prefiure  of  the 
outward  air  on  the  bladder,  which,  as  it  is  pref- 
fed  down,  will  put  on  a  fpherical  concave  figure, 
which  will  grow  deeper  and  deeper,  until  the  / 
ftrength  of  the  bladder  be  overcome  by  the 
weight  of  the  air-,  and  then  it  will  break  with  a 
report  as  loud  as  that  of  a  gun. — If  a  flat  piece 
of  glafs  be  laid  upon  the  open  top  of  this  re- 
ceiver, and  joined  to  it  by  a  flat  ring  of  wtt 
leather  between  them-,  upon  pumping  the  air 
out  of  the  receiver,  the  prcfTure  of  the  outward 
air  upon  the  flat  glafs  will  break  it  all  to 
pieces. 

5.  Immerfe  the  neck  c  d  of  the  hollow  glafs  Figi  7: 
ball  eb  in  water,  contained  in  the  phial  aa-j  then 

fet  it  upon  the  pump-plate,  and  cover  it;  and  the 

hole  /  with  the  clofe  receiver  A-,  and  then  begin 

N  4  to 
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to  pump  out  the  air.  As  the  air  goes  out  of  tk  ] 
receiver  by  its  fpring,  it  will  alio  by  the  fame  ^ 
means  go  out  of  the  hollow  ball  e  h^  through  the 
neck  dc^  and  rife  up  in  bubbles  to  the  furnice  of 
the  water  in  the  phial  ^  from  whence  it  will  make 
its  way,  with  the  reft  of  the  air  in  the  receiver, 
through  the  air-pipe  GG  and  valves  a  and  b^  into 
the  open  air.  When  it  has  done  bubbling  in 
the  phial,  the  ball  is  fufficiendy  exhaulled;  and 
then,  upon  turning  the  cock  k^  the  air  will  gee 
into  the  receiver,  and  prefs  fo  upon  the  furface 
of  the  water  in  the  phial,  as  to  force  the  water 
up  into  the  ball  in  a  jet,  through  the  neck  ci\ 
and  will  EU  the  ball  almoft  full  of  water.  The 
reafon  why  the  ball  is  not  quite  filled,  is  becaufe 
all  the  air  could  not  be  taken  out  of  it ;  and  the 
fmall  quantity  that  was  left  in,  and  had  expanded 
itfelf  fo  as  to  fill  the  whob  ball,  is  now  condenfed 
into  the  fame  ftate  as  the  outward  air,  and  re- 
mains in  a  fmall  bubble  at  the  top  of  the  ball-, 
and  fo  keeps  the  water  from  Slling  that  part  of 
the  ball. 
Pig*  8.  ^«  Po^^  ^^^^  quickfilver  into  the  jar  D%  and 
fet  it  on  the  pump*plate  near  the  hole  i  \  then 
fet  on  the  tall  open  receiver  AB^  fo  as  to  be  over 
the  jar  and  hole;  and  cover  the  receiver  with  the 
brafs  plate  C  Screw  the  open  glafs  tube  fg 
(which  has  a  brafs  top  on  it  at  i^^  into  the  fyringc 
//,  and  putting  the  tube  through  a  hole  in  the 
middle  of  the  plate,  fo  as  to  immerfe  the  lower 
end  of  the  tube  e  in  the  quickfilver  at  D,-  fcrew 
the  end  h  of  the  fyringe  into  the  plate.  This 
done,  draw  up  the  pifton  in  the  fyringe  by  the 
ring  /,  which  will  make  a  vacuum  in  the  fyringe, 
below  the  pifton  \  and  as  the  upper  end  of  the 
tube  opens  into  the  fyringe,  the  air  will  be  di-  ' 
lated  in  the  tube,  becaufe  part  of  it,  by  its  fpring^ 

gcu 
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g,et&  up  into  the  fyringe  \  and  the  fpring  of  the 
un-diiated  air  in  the  receiver  afting  upon  tbo 
furface  of  the  quickfiiver  in  the  jar,  will  force 
part  of  it  up  into  the  tube  :  for  the  quickfilTer 
*will  follow  the  pifton  in  the  fyringe,  in  the  fame 
way^  and  for  the  fame  reafon,  that  water  follows 
the  pifton  of  a  common  pump  when  it  is  raifed 
in  the  pump- barrel;  and  this,  according  to  Tome, 
is  done  by  fuflion.  But  to  refute  that  errxHieous 
notion,  let  the  air  be  pumped  put  of  the  receiver 
AB^  and  then  all  the  quickfilvcr  in  the  tube  will 
fall  down  by  its  own  weight  into  the  jar;  and  can- 
not be  again  raifed  one  hair*s  breadth  in  the  tube 
by  working  the  fyringe :  which  fhews  that  fuc- 
tion  had  no  hand  in  railing  the  quickfilver;  and, 
to  prove  that  it  is  done  by  preflure,  let  the  air 
into  the  receiver  by  the  cock  k  (Fig.  i.)  and  iu 
a&ion  upon  the  furface  of  the  quickfilver  in  the 
jar  will  raife  it  up  into  the  tube,  although  the 
pifton  of  the  fyringe  continues  motionlefs, — If 
the  tube  be  about  32  or  33  inches  high,  the 
quickfilver  will,  rife  in  it  very  near  as  high  as  it 
Hands  at  that  time  in  the  barometer.  And,  if 
the  fyringe  has  a  fmall  hole,  as  m^  near  the  top 
pf  it,  and  the  pifton  be  drawn  up  above  that  hole, 
the  air  will  rufb  through  the  hole  into  the  fy- 
ringe'and  tube,  and  the  quickfilver  will  imme- 
diately fall  down  into  the  jar.  If  this  part  of  the 
apparatus  be  air-tight,  the  quickfilver  may  be 
pumped  up  into  the  tube  to  the  fame  height  that 
it  ftainds  in  the  barometer ;  but  it  will  go  no 
higher,  becaufe  then  the  weight  of  the  column  in 
the  tube  is  the  fame  as  the  weight  of  a  column  of 
air  of  the  fame  thicknefs  witn  the  quickfilver, 
and  reaching  from  the  earth  to  the  top  of  the 
atmofphere; 

7.  Having 
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Fig.  9.  '  7»  Having  placed  the  jar  yf,  with  fomc  quick* 
filver  in  it,  on  the  pump-plate,  as  in  the  laft 
experiment,  cover  it  with  the  receiver  B  ;  then 
pufli  the  open  end  of  the  glafs  tube  d  e  through 
the  collar  of  leathers  in  the  brafs  neck  C  (which 
it  fits  fo  as  to  be  air-tight)  almoft  down  to  the 
quickfilver  in  the  jar.  Then  exhauft  the  air 
out  of  the  receiver,  and  it  will  alfo  come  out  of 
the  tube,  becaufe  the  tube  is  clofe  at  top.  When 
the  gauge  m  m  (hews  that  the  receiver  is  well 
exhaufted,  pulh  down  the  tube,  fo  as  to  immerfe 
its  lower  end  into  the  quickfilver  in  the  jar. 
Now,  although  the  tube  be  exhaufted  of  air. 
Done  of  the  quickfilver  wHl  rife  into  it,  becaufe 
there  is  no  air  left  in  the  receiver  to  prefs  upon 
its  furface  in  the  jar.  But  let  the  air  into  the 
receiver  by  the  cock  *,  and  the  quickfilver  will 
immediately  rife  in  the  tube-,  and  ftand  as  high 
in  it,  as  it  was  pumped  up  in  the  laft  experi- 
ment. 

Both  thefe  experiments  (hew,  that  the  quick- 
filver is  fupported  in  the  barometer  by  the  pref- 
lure  of  the  air  on  its  furface  in  the  box,  in  which 
the  open  end  of  the  tube  is  placed.  And  that 
the  mo^-e  denfe  and  heavy  the  air  is,  the  higher 
does  the  quickfilver  rife ;  and,  on  the  contrary, 
the  thinner  and  lighter  the  air  is,  the  more  will 
^  the  quickfilver  fall.     For  if  the  handle  F  be 

turned  ever  fo  little,  it  takes  fome  air  out  of  the 
receiver,  by  raifing'one  or  other  of  the  piftons  in 
its  barrel ;  and  confequently,  that  which  remains 
in  the  receiver  is  fo  much  the  rarer,  and  has  fo 
much  the  lefs  fpring  and  weight;  and  thereupon, 
the  quickfilver  falls  a  little  in  the  tube :  but 
upon  turning  the  cock,  and  re-admitting  the  air 
into  the  receiver,  it  becomes  as  weighty  as  be- 
fore, and  the  quickfilver  rifes  again  to  the  fame 

height. 
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hcight-^Thns  wc  fee  the  reafon  why  the  quick-r 
lilver  in  the  barometer  falls  before  rain  or  fnow, 
and  riles  before  fair  weather;  for,  in  the  former 
c^fci  the  air  is  too  thin  and  light  to  bear  up  che 
vapours,  and  in  the  latter,  too  denfe  and  heavy 
to  ler  them  fall. 

N.  B.  In  all  mercurial  experiments  with  the 
air-pumpf  a  (hort  pipe  muft  be  fcrewed  into  the 
hole  I,  To  as  to  rife  about  an  inch  above  the  plate, 
to  prevent  the  quickfilver  from  getting  into  the 
air-pipe  ^nd  barrels,  in  cafe  any  of  it  (hould  be 
accidenully  fpilt  over  the  jar :  for  if  it  once  gets 
into  the  pipes  qr  barrels,  it  fpoils  them,  by 
loofening  the  folder,  and  corroding  the  brafs, 

8.  Take  the  tube  out  of  the  receiver,  and  put 
one  end  of  a  bit  of  dry  hazel  branch,  about  an 
inch  long,  tight  into  the  hole,  and  the  other  efid 
tight  into  a  hole  quite  through  the  bottom  of  a 
fmall  wooden  cup :  then  pour  fome  quickfilver 
into  the  cup,  and  exhauft  the  receiver  of  air,  and 
the  preflure  of  the  outward  air,  on  the  furfacc 
of  the  quickfilver,  will  force  it  through  the  pores 
of  the  hazel,  from  whence  it  will  defcend  in  4  ' 
beautiful  ihpwer  into  a  glafs  cup  placed  under 
the  receiver  tO  catch  it. 

9.  Put  a  wire  through  the  collar  of  leathers  in 
the  top  of  the  receiver,  and  fix  a  bit  of  dry  wood 
qn  the  end  of  the  wire  within  the  receiver ;  then 
exhauft  the  air,  and  pulh  the  wire  down,  fo  as  to 
imtperfe  the  wood  into  a  jar  of  quickfilver  on  the 
pump-plate;  this  done,  let  in  the  air,  and  upon 
taking  the  wood  out  of  the  jar,  and  fplitting  it, 
its  pores  will  be  found  full  of  quickfilver,  which 
the  force  of  the  ^ir,  upon  being  let  into  the  re- 
ceiver, drove  into  the  wood. 

10.  Join  the  two  brafs  hcmifpherical  cups^^and  Fig.  xo. 
S  together,  with  a  wet  leather  betweep  thcm,hav-  , 

ing 
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ing  a  hole  in  the  middle  of  it ;  then  fcrew  the 
end  D  of  the  pipe  C  D  into  the  plate  of  the 
pump  at  /,  and  turn  the  cock  £,  fo  as  the  pipe 
may  be  open  all  the  way  into  the  cavity  of  the 
hemifpheres  :  then  exhauil  the  air  out  of  them, 
and  turn  the  cock  a  quarter  round,  which  will 
ihut  the  pipe  C  D,  and  keep  out  the  air.  This 
done,  unfcrew  the  pipe  at  D  from  the  pump ; 
and  fcrew  the  piece  Fb  upon  it  at  2)  5  and  let 
two  ftrong  men  try,  to  pull  the  hemifpheres  afun- 
der  by  the  rin^s  g  and  bj  which  they  will  find 
hard  to  do :  for  if  the  diameter  of  the  hemi- 
fpheres be  four  inches,  they  will  be  prefled  to- 
gether by  the  external  air  with  a  force  equal  to 
190  pounds.  And  to  (hew  that  it  is  the  preflure 
ot  the  air  that  keeps  them  together,  hang  them 
by  either  of  the  rings  upon  the  hook  P  of  the 
wire  in  the  receiver  M  (Fig.  i.)  and  upon  ex- 
haufting  the  air  out  of  the  receiver,  they  will  fall 
afundcr  of  themfclves. 

II.  Place  a  Imall  receiver  0  (Fig.  i.)  near  the 
hole  i  on  the  pump-plate,  and  cover  both  it  and 
the  hole  with  the  receiver  M\  and  turn  the 
wire  fo  by  the  top  P,  that  its  hook  may  takfe 
hold  of  the  little  receiver  by  a  ring  at  its  top, 
allowing  that  receiver  to  (land  with  its  own 
weight  on  the  plate.  Then,  upon  working  the 
pump,  the  air  will  come  out  of  both  receivers; 
but  the  large  one  M  will  be  forcibly  held  down 
to  tihe  pump  by  the  prefTure  of  the  external  air; 
whilfl:  the  imall  one  O,  having  no  air  to  prefs  up- 
on it,  will  continue  looie,  and  may  be  drawn  up 
and  let  down  at  pleafure,  by  the  wire  P  P.  But, 
upon  letting  it  quite  down  to  the  plate,  and  ad- 
mitting the  air  into  the  receiver  M,  by  the  cock 
*,  the  air  will  prels  fo  ftrongly  upon  the  fmall 
receiver  O,  as  to  fix  it  down  to  the  plate  ^  and  at 
4  '  the 
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the  fame  time»  by  counterbalancing  the  outward 
preflure  on  the  large  receiver  iVf,  it  will  become 
loofe.  This  experiment  evidently  fhews,  that, 
the  receivers  are  held  down  by  prelTure,  and 
not  bv  fudtion,  for  rhe  internal  receiver  conti- 
nued loofe  whilft  the  curator  was  pumpinc,  and 
the  external  one  was  held  down;  but  the  lormer. 
became  £aft  immediately  by  letting  in  the  air 
upon  it. 

12.  Screw  the  end  ^  of  the  brafs  pipe  ABF ^    ^  . 
into  the  hole  of  the  pump-plate,  and  turn  the         '^ 
x:ock  e  until  the  pipe  be  open ;  then  put  a  wet 
leather  upon  the  plate  cJL^  which  is  fixed  on  the 
pipe,  and  cover  it  with  the  tall  receiver  G  H^ 
which  is  clofe  at  top :  then  exhauft  the  air  out 

of  the  receiver,  and  turn  the  cock  e  to  keep  it 
out ;  which  done,  unfcrew  th  e  pipe  from  the 
pump,  and  let  its  end  A  into  a  bafon  of  water, 
and  turn  the  cock  e  to  open  the  pipe^  on  which, 
as  there  is  no  air  in  the  receiver,  the  preffure  of 
the  atmofphere  on  the  water  in  the  bafon  will 
drive  the  water  forcibly  through  the  pipe,  and 
make  it  play  up  in  a  jet  to  the  top  of  the  re- 
ceiver. 

13,  Set  the  iquare  phial  if  ^Fig.  14.}  upon  the 
pump-plate,  and  having  covered  it  with  the  wine 
cage  JB,  put  a  clofe  receiver  over  it,  and  exhauft 
the  air  out  of  the  receiver;  in  doing  of  which, 
the  air  will  alfo  make  its  way  out  oi  the.  phial 
through  a  fmall  hole  in  its  neck  under  the  valve 
h.  When  the  air  is  exhaufted,  turn  the  cock 
below  the  plate,  to  re-admit  die  air  into  the 
receiver ;  and  as  it  cannot  get  into  the  phial 
again,  becaufe  of  the  valve,  the  phial  will  be 
broke  into  fome  thouiands  of  pieces  by  the  pre^ 
fure  of  the^air  upon  it.  Had  the  phial  been 
of  a  round  form,  it  would  have^fullained  thia 

preflfure 
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preflUre  like  an  arch,  withouc  breaking;  but@ 
its  fides  are  flat^  it  cannot. 

Twjhew  the  elafttcity  or  fpring  of  the  mr. 

14.  Tie  up  a  very  ftnall  quantity  of  air  in  t 
bladder^  and  put  it  under  a  receiver;  then  exhauft 
the  air  out.  of  the  receiver;  and  the  fmaU  quan- 
tity which  is  confined  in  the  bladder  (having  no- 
thing to  a6t  againft  it)  will  expand  ttfelf  fo  by 
the  force  of  its  fpring,  as  to  fill  the  bladder  as 
full  as  it  could  be  blown  of  common  air.  But 
upon  letting  the  air  into  the  receiver  again,  it 
will  overpower  the  air  in  the  bladder,  and  prels 
its  fides  almoft  clofe  together* 

15,  If  the  bladder  fo  tied  up  be  put  into  a 
wooden  box,  and  have  20  or  30  pound  weight 
of  lead  put  upon  it  in  the  box,  and  the  box  be 
covered  with  a  clofe  receiver ;  upon  exhaufting 
the  air  out  of  the  receiver,  that  air  which  is  con- 
fined in  the  bladder  will  expand  itfelf  fo^as  toraifc 
up  all  the  lead  by  the  force  of  its  fpring. 

Fig.  7.  1 6.  Take  the  glafs  ball  mentioned  in  the  fifth 

experiment,  which  was  left  full  of  water  all  but 
a  fmall  bubble  of  air  at  top,  and  having  fet  it 
with  its  neck  downward  into  the  empty  phial  aa^ 
and  covered  it  with  a  clofe  receiver,  exhauft  the 
air  out  of  the  receiver,  and  the  fmall  bubble  of 
'  air  in  the  top  of  the  ball  will  expand  itlelf,  fo  as 
to  force  all  the  water  out  of  the  ball  into  the 
phial. 

Fig.  II.  *7'  Screw  the  pipe  AB  inio  the  pump-plate, 
place  the  tall  receiver  GH  upon  the  plate  cdj  as 
in  the  twelfth  experiment,  and  exhauft  the  air 
out  of  the  receiver ;  then,  turn  the  cock  e  to 
keep  out  the  air,  unfcrew  the  pipe  from  the 
pump,  and  fcrew  it  into  the  mouth  of  the  copper 

veffcl 
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vcffcl  CC  (Fir.  15.)  the  vcffcl  having-firft  been 
about  half  filled  with  water.  Then  open  the 
cock  e  (Fig..  11.)  and  the  fpringof  the  air  which 
is  confined  in  the  copper  veflel  will  force  the 
water  up  through  the  pipe  AB\n  a  jet  into  the 
exhaufted  receiver,  as  ftrongly  as  it  did  by  its 
prefifure  on  the  furface  of  the  water  in  a  bafon,  in 
the  twelfth  experiment. 

18.  If  a  fowl,  a  cat,  rat,  moufe,  or  bird,  be 
put  under  a  receiver,  and  the  air  be  exhaufted, 
the  animal  will  be  at  firft  opprefled  as  with  a 
great  weight,  then  grow  convulfed,  and  at  laft 
expire  in  all  the  agonies  of  a  moft  bitter  and 
cruel  death.  But  as  this  experiment  is  too 
ihocking  to  every  ifpedator  who  has  the  leaft  de- 
gree of  humanity,  we  fubftitute  a  machine  called 
the  buigs-glafs  in  place  of  the  animal 

19.  If  a  butterfly  be  fufpended  in  a  receiver, 
by  a  fine  thread  tied  to  one  of  its  horns,  it  will  fly 
about  in  the  receiver,  as  long  as  the  receiver 
continues  fuU  of  air;  but  if  the  air  be  exhaufted, 
though  the  animal  will  not  die,  and  will  continue 
to  flutter  its  wings,  it  cannot  remove  itfelf  from 
the  place  where  it  hangs  in  the  middle  of  the  re- 
ceiver, until  the  air  be  let  in  again,  and  then  the 
animal  will  fly  about  as  before. 

ao.  Pourfome  quickfilver  into  the  fmall  bottle  p,v  ,2. 
A9  and  fcrew  the  brafs  collar  c  of  the  tube  BC 
into  the  brafs  neck  i  of  the  bottle,  and  the  lower 
end  of  the  tube  will  be  immerfed  into  the  quick- 
filver, fo  that  the  air  above  the  quickfilver  in  the 
bottle  will  be  confined  there,  becaufe  it  cannot 
get  out  about  the  joinings,  nor  can  it  be  drawn 
out  through  the  quickfilver  into  the  tube.  This 
tube  is  alfo  open  at  top,  and  is  to  be  covered  with 
the  receiver  G  and  large  tube  E  F,  which  tube  is 
fixed  by  brafs  collars  to  the  receiver,  and  is  clofe 

at 
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St  the  top.  This  preparation  being  made,  «• 
hauft  the  air  both  out  of  the  receiver  and  in 
tube;  and  the  air  will  by  the  (ame  means 
be  e^chaufted  out  of  the  inner  tube  £C,  through 
its  open  top  at  C ;  and  as  the  receiver  and  tute 
are  exhaufting,  the  air  that  is  confined  in  thcglafs 
bottle  A  will  prefs  fo  by  its  |priog  upon  the 
furface  of  the  quickfilver,  as  to  lorce  it  up  in  the 
inner  tube  as  high  as  it  was  raifed  in  the  ninth 
experiment  by  the  preflure  of  the  atmofphere: 
which  demonftrates  that  the  fpring  of  the  air  is 
equivalent  to  its  weight. 
Fig.  13.  a  I.  Screw  the  end  C  of  the  pipe  C  D  into  the 
hole  of  the  pump-plate,  and  turn  all  the  three 
cocks  d^  G,  and  H^  fo  as  to  open  the  communi* 
cations  between  all  the  three  pipes  E^  Fj  D  C, 
and  the  hollow  trunk  yf  B.  Then,  cover  the 
plates  g  and  b  with  wet  leathers,  which  have 
holes  in  their  middle  where  the  pipes  open  into 
the  plates ;  and  place  the  clofe  receiver  /  upon 
the  plate  ^:  this  done,  (hut  the  pipe  Fby  turn- 
ing the  cock  Hj  and  exhauft  the  air  out  of  the 
receiver  /.  Then,  turn  the  cock  d  to  fliut  out 
the  air,  unfcrcw  the  machine  from  the  pump, 
and  having  fere  wed  it  to  the  wooden  foot  £.,  put 
the  receiver  K  upon  the  plate  b ;  this  receiver 
will  continue  loofe  on  the  plate  as  kmg  as  it 
keeps  full  of  air;  which  it  will  do  until  the  cock 
U  be  turned  to  open  the  communication  between 
the  pipes  Fznd  JE,  through  the  trunk  /tBi  and 
^  then  the  air  in  the  receiver  X,  having  nothing  to 
a6t  againft  its  fpring,  will  run  from  K  into  /,  un- 
til it  be  fo  divided  between  thele  receivers,  as  to 
be  of  equal  denGcy  in  both ;  and  then  they  will 
be  held  down  with  equal  forces  to  their  plates  by 
the  prelfure  of  the  atmofphere ;  though  cfach 
receiver  will  then  be  kept  down  but  with  one 

half 
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half  of  prefTure  upon  it,  that  the  receiver  /  had,  . 
when  it  was  eidi^ufted  of  air;  becaule  ir  has  now 
one  half  of  the  common  air  in  it  which  filled 
the  receiver  K  when  ic  was  fet  upon  the  plate  \ 
and  therefore,  a  force  equal  to  half  the  force  of 
the  fpring  of  common  air,  will  ad  within  the 
receivers  againft  the  whole  prefTure  cf  the  com- 
mon air  upon  their  outfides.  This  is  called 
.transferring  the  air  out  of  one  vcITcl  into  ano- 
ther. 

22.  Put  a  cork  into  the  fquare  phial  A^  and  Fig,  J14. 
fix  it  in  with  wax  or  cement;  put  the  phial  upon 
the  pump^plate  with  the  wire  cage  B  over  it, 
and  cover  the  cage  with  a  clofe  receiver.  Then, 
exhauft  the  air  out  of  the  receiver,  and  the  air 
that  was  corked  up  in  the  phial  will  break  the 
phial  outwaixls  by  the  force  of  its  fpring,  becaufe 
there  is  no  air  left  on  the  outlide  of  the  phial  to 
a£fc  againft  the  air  within  it. 

2-3.  Put  a  (hrivelled  apple  under  a  clofe  re- 
ceiver, and  exhauft  the  air ;  then  the  fpring  of 
the  air  within  the  apple  will  plump  it  out,  io  as 
to  caufe  all  the  wrinkles  difappear ;  but  upon 
letting  the  air  into  the  receiver  again,  to  prefs 
upon  the  apple,  it  will  inftantly  return  to  it& 
former  decayed  and  (hrivelled  ftate. 

24.  Take  a  frefh  egg,  and  cut  oiF  a  little  of 
the  fliell  and  film  from  its  fmalleft  end,  then  put 
the  egg  under  a  receiver,  and  pump  out  the  air ; 
upon  which,  all  the  contents  in  the  egg  will  be 
forced  out  into  the  receiver,  by  theexpapfion  of 
a  fmall  bubble  of  air  contained  in  the  great  end, 
between  the  (hell  and  film. 

ft5.  Put  fome  warm  beer  intoaglafs,  and  hav- 
ing fet  it  on  the  pump,  cover  it,  with  a  clofe  re- 
ceiver, and  then  exhauft  the  air.     Whilft  this  is 
doing,  and  thereby  the  pre(rure  more  and  more 
O  taken 
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taken  off  from  the  beer  in  the  glafs,  the  air  cherc^ 
in  will  expand  itfelf,  and  rife  up  in  innumerable 
bubbles  to  the  furfacc  of  the  beer  ^  and  from 
thence  it  will  be  taken  away  with  the  pther  air  in 
the  receiver.  When  the  receiver  is  nearly  ex* 
haufted,  the  air  in  the  beer,  which  could  not 
difentangle  itfelf  quick  enough  to  get  oflT  with 
the  reft,  will  now  expand  itfelf  fo,  as  to  caufe 
the  beer  to  have  all  the  appearance  of  boiling ; 
and  the  greateft  part  of  it  will  go  over  the 
glafs. 

26.  Put  fome  warm  water  into  a  glafs,  and  put 
a  bit  of  dry  wainfcot  or  other  wood  into  the 
water.  Then,  cover  the  glafe  with  a  clofc  re- 
ceiver, and  exhauft  the  air  •,  upon  which,  the  ahr 
in  the  wood  having  liberty  to  expand  itfelf,  will 
come  out  plentifully,  and  make  all  the  water  to 
bubble  about  the  wood,  efpecially  about  the 
ends,  becaufe  the  pores  lie  lengthwife.  A  cubic 
inch  of  dry  wainfcot  has  fo  much  air  in  it,  that 
it  will  continue  bubbling  for  near  half  an  hour 
together. 

Mifcellaneous  Experimeuis. 

27.  Screw  the  fyringe  H  (Fig.  8.)  to  a  piece 
of  lead  that  weighs  one  pound  at  leaft  i  and, 
holding  the  lead  in  one  hand,  pull  up  the  pifton 
in  the  fyringe  with  the  other;  then,  quitting 
hold  of  the  lead,  the  air  will  pulh  it  upward, 
and  drive  back  the  fyringe  upon  the  pifton. 
The  reafon  of  this  is,  that  the  drawing  up  of  the 
pifton  makes  a  vacuum  in  the  fyringe,  and  the 
air,  which  preffes  every  way  equally,  having 
nothing  to  refift  its  preffure  upward,  the  lead  is 
thereby  prefled  upward,  contrary  to  its  natural 
tendency  by  gravity.    If  the  fyringe,  fo  loaded, 

be 
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ib^  hung  in  a  receiver,  and  the  air  be  exhaufted* 
the  fyringe  and  lead  will  defcend  upon  the  pifton- 
rod  by  their  natural  gravity  ;  and,  upon  admit- 
ting the  air  into  the  receiver,  they  will  be  drove 
upward  again,  until  the  pifton  be  at  the  ver7 
bottom  of  the  fyringe. 

28.  Let  a  large  piece  of  cork  be  fufpended 
by  a  thread  at  one  end  of  a  balance,  and  coun* 
terpoifed  by  a  leaden  weight,  fufpended  in  the 
lame  manner,  at  the  other.  Let  this  balance  be 
hung  to  the  inlide  of  the  top  of  a  large  receiver  % 
which  being  fet  on  the  pump,  and  the  air  ex- 
haufted,  the  cork  will  preponderate,  and  (hew 
itfelf  to  be  heavier  than  the  lead ;  but  upon 
letting  in.the  air  again,  the  equilibrium  will  be 
rcftored.  The  reafon  of  this  is,  that  fince  jhc 
air  is  a  fluid,  and  all  bodies  lofe  as  much  of  their 
abfolute  weight  in  it,  as  is  equal  to  the  weight 
of  their  bulk  of  the  fluid,  the  cork  being  the 
larger  body,  lofcs  more  of  its  real  weight  thaa 
the  lead  does;  and  therefore  mud  in  faft  be 
heavier,  to  balance  it  under  the  difadvantage  of 
.loHng  fome  of  its  weight :  which  difadvantage 
being  taken  oflF  by  removing  the  air,  the  bodies 
ihen  gravitate  accoi-ding  to  their  real  quantities 
of  matter,  and '  the  cork,  which  balanced  the 
lead  in  air,  fliews  itfelf  to  be  heavier  when  in 
yacuo^ 

29.  Set  a  lighted  candle  upon  the  pump,  and 
cover  it  with  a  tall  receiver.  If  the  receiver 
holds  a  gallon,  the  candle  will  burn  a  minute ; 
and  then,  after  having  gradually  decayed  from 
the  firft  inftant,  it  will  go  out :  which  fliews,  that 
a  conftant  fupply  of  frefti  air  is  neceflary  to  feed 
flame  -,  and  to  it  alfo  is  for  animal  life.  For  a 
bird  kept  under  a  clofe  receiver  will  foon  die, 
although  no  air  be  pumped  out  s  and  it  is 

O  a  found 
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found  that,  in  the  diving-bell,  a  fi;allon  of  air 
is  fufficient  only  for  one  minute  ror  a  man  to 
breathe  in. 

The  moment  when  the  candle  goes  out,  the 
fmoke  will  be  feen  to  afcend  to  the  top  of  the 
receiver,  and  there  it  will  form  a  fort  ot  cloud: 
but  upon  exhaufting  the  air,  the  fmoke  will  fall 
down  to  the  bottom  of  the  receiver,  and  leave  it 
as  clear  at  the  top  as  it  was  before  ic  was  fee  upon 
the  pump.  This  (hews,  that  fmoke  docs  not 
afcend  on  account  of  its  being  pofitively  light, 
but  bccaufe  it  is  lighter  than  air ;  and  its  falling 
to  the  bottom  when  the  air  is  taken  away, 
fhews,  that  it  is  not  deftitute  of  weight.  So 
mod  forts  of  wood  afcend  or  fwim  in  water;  and 
yet  there  are  none  who  doubt  of  the  wood's 
having  gravity  or  weight, 

30.  Set  a  receiver,  which  is  open  at  top,  upon 
the  air-pump,  and  cover  it  with  a  brafs  phite, 
knd  wet  leather;  and  having  exhaufted  it  of  air, 
let  the  air  in  again  at  top  through  ap  iron  pipe, 
making  it  pafs  through  a  charcoal  flame  at  the 
end  of  the  pipe ;  and  when  the  receiver  is  full 
of  that  air,  lift  up  the  cover,  and  let  down  a 
moufe  or  bird  into  the  receiver,  ^nd  the  burnt 
air  will  immediately  kill  it.  If  a  candle  be  let 
down  into  that  air,  it  will  go  out  direftly  ;  but, 
by  letting  it  down  gently,  it  will  pu.rify  the  air  fo 
far  as  it  goes  •,  and  fo,  by  letting  it  down  more 
and  more,  the  flame  will  drive  out  the  bad  air, 
and  good  air  will  get  in. 

31.  Set  a  belt  upon  a  cufhion  on  the  pump- 
plate,  and  cover  it  with  a  receiver ;  then  (hakt 
the  pump  to  make  the  clapper  ftrike  againft  the 
bell,  and  the  found  will  be  very  well  heard  :  bur, 
cxhauft  the  receiver  of  air,  and  then,  if  the 
clapper  be  made  to  ftrike  ever  fo  hard  againft 

the 
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the  bell,  it  will  make-  no  found  at  all ;  which 
{hews,  that  air  is  abfolutely  neceflary  for  the 
propagation  of  found. 

32.  Let  a  candle  be  placed  on  one  fide  of  a 
receiver,  and  viewed  through  the  receiver  at . 
fome  diftance ;  then,  as  foon  as  the  air  begins  to 
be  exhaufted,  the  receiver  will  be  filled  with  va- 
pours which  rife  from  the  wet  leather,  by  the 
ipring  of  the  air  in  its  and  the  light  of  the 
candle  being  refraded  through  that  medium  of 
vapours,  will  have  the  appearance  of  circles  of 
various  colours,  of  a  faint  refemblance  to  thofe 
in  the  rain^bow. 

The  air-pump  was  invented  by  Otbo  Guerick 
of  Magdeburg^  but  was  much  improved  by  Mr. 
Bcyle^  to  whom  we  are  indebted  for  our  greatefl: 
part  of  the  knowledge  of  the  wonderful  proper- 
ties of  the  air,  demonftrated  In  the  above  expe- 
riments. 

The  elaftic  air  which  is  contained  in  many 
bodies,  and  is  kept  in  them  by  the  weight  of  the 
atmofphere,  may  be  got  out  of  them  cither  by 
boiling,  or  by  the  air-pump,  as  (hewn  in  the 
25th  experiment:  but  the  fixed  air,  which  is  by 
much  the  greater  quantity,  cannot  be  got  out 
but  by  diftillation,  fermentation,  or  putrefac- 
tion. 

If  fixed  air  did  not  come  out  of  bodies  with 
difficulty,  and  fpend  fome  time  in  extricating 
itfelf  from  them,  it  would  tear  them  to  pieces. 
Trees  would  be  rent  by  the  change  of  air  from 
a  fixt,  to  an  elaftic  ftate,  and  animals  would  be 
buril  in  pieces  by  the  explofion  of  air  in  their 
food. 

Dr.  Haks  found  by  experiment,  that  the  air 

in  apples  is  fo  much  condenfed,  that  if  it  were 

let  out  into  the  common  air,  it  would  fill  a  fpace 

O  3  48. 
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48  times  as  great  as  the  bulk  of  the  apples  then): 
ielves ;  fo  that  its  preflbre  outwards  was  equal 
to  117761b.  and,  in  a- cubic  inch  of  oak,  to 
i9S6olb.  againft  its  fides.     So  that  if  the  air 
was  let  loole  at  once  in  thefe  fubftanccs,  thcv 
would  tear  every  thing  to  pieces  about  them 
with  a  force  fuperior  to  that  of  gunpowder. 
Hence,  in  eating  apples,  it  is  well  that  they  pare 
with  the  air  by  degrees,  as  they  are  chewed,  and 
ferment    in   the  ftomach,   otherwifc  an   apple 
would  be  immediate  death  to  him  who  cats  it. 
The  mixing  of  fome  fubftances  with  others 
will  releafe  the  air  from  them,  all  of  a  fudden, 
which  may  be  attended  with  very  great  danger. 
Of  this  we  have  a  remarkable  inftancc  in  an  ex- 
periment made  by  Dr.  Slave  \  who  having  put 
'  half  a  dram  of  oil  of  carraway-fceds  into  one  glafs, 
and  a  dram  of  compound  fpirit  of  nitre  in  ano- 
ther, covered  them  both  on  the  air-pump  with  a 
receiver  fix  inches  wide,  and  eight  inches  deep, 
and  then  exhaufted  the  air,  and  continued  pump- 
ing until  all  that  could  poflibly  be  got  both  out 
of  the  receiver,  and  out  of  the  two  fluids,  was 
extricated  :    then,   by  a  particular  contrivance 
from  the   top   of  the  receiver,  he  mixed  the 
fluids   together;    upon  which   they   produced 
fuch  a  prodigious  quantity  of  air,  as  inftantljf 
blew  up  the  receiver,  although  it  was  preflSrd 
down  by  the  atmofphere  with  upwards  of  400 
pound  weight. 

N.  B.  In  the  28th  Experiment,  the  corkmuft 
be  covered  all  over  with  a  piece  of  thin  wet 
bladder  glued  to  it,  and  not  ufed  until  it  b<; 
thoroughly  dry. 

LECT. 
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L  E  C  T.    VIII. 
Of  Optics. 

LIGHT  confifts  of  an  inconceivably  great 
number  of  particles  flowing  from  a  lumi- 
nous body  in  all  manner  of  direftions ;  and  thcle 
particles  are  {o  fmall,  as  to  furpafs  all  human 
comprehenfion. 

That  the  number  of  particles  of  light  is  in- 
conceivably great,  appears  from  the  light  of  a 
candle ;  which,  if  there  be  no  obftacle  in  the 
way  to  obftruft  the  paflage  of  its  rays,  will  fill 
all  the  fpace  within  two  miles  of  the  candle  every 
way,  with  luminous  particles,  before  it  has  loft 
the  leaft  fenGble  part  of  its  fubftancc. 

A  ray  of  light  is  a  continued  ftream  of  thele 
particles,  flowing  from  any  viGble  body  in  a 
ftraight  line  :  and  that  the  particles  themfelves 
are  incomprehenfibly  fmall,  is  manifeft  from  the 
following  experiment.     Make  a  fmall  pin-hole 
in  a  piece  of  black  paper,  and  hold  the  paper 
upright  on  a  table  facing  a  row  of  candles  uand- 
ing  by  one  another ;  then  place  a  (heet  of  pafte- 
board  at  a  little  diftance  behind  the  paper,  and 
ibme  of  the  rays  which  flow  from  all  the  candles 
through  the  hole  in  the  paper,  will  form  as  many 
fpecks  of  light  on  the  pafteboard,  as  there  are 
candles  on  the  table  before  the  plate :  each  fpeck  The  ana- 
being  as  diftinft  and  clear^  as  if  there  was  only  **"^ 
one  Ipeck  from  one  fmglc  candle :  which  (hews  ^^^ 
that  the  particles  of  light  are  exceedingly  fmall,  particlci 
Dtherwife  they  could  not  pafs  through  the  hole  of  light, 
from  fo  many  different  candles  without  confii- 
fion. — Dr.  Niewentyt  has  computed,  that  there 
(lows  more  than  6,ooo,ooO)000,ooo  times  as 
O  4  many 
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many  particles  of  light  from  a  candle  in  one 
,1'econd  of  time,  as  there  are  grains  of  fand  in  the 
whole  earth,  fuppofing  each  cubic  Inch  of  it  co 
contain  i,ooo,coo* 

Thefc  particles,  by  falling  direftly  upon  our 

eyes,   c;xcite  in  our  minds  the  idea  of  light 

And  when  they  fall  upon  bodies,  and  are  therebj 

refleded  to  our  eyes,  they  excite  in  us  the  ideas 

of  chefc  bodies.     And  as  every  point  of  a  vifibk 

body  refleds  the  rays  of  light  in  all  manner  of 

dircdions,  every  point  will  be  vidble  in  every 

part  to  which  the  light  is  refle&ed  from  it. 

Pla^XV.  Thus  the  objeft  AC  £  is  vifible  to  an  eye  io  any 

*•''£•  >•     part  where  the  rays  j^a,  Abj  Ac^  Ad^  jie^B^^ 

BbjBc,  Bd,  Be,  and  Ca^  C  b,  C  c^  C  d^  C  e, 

come.     Here  we  have  (hewn  the  rays  as  if  they 

were  only  reflefted  from  the  ends  A  and  B^  and 

from  the  middle  point  C  of  the  objeft  ;  every 

other  point  being  fuppofed  to  reflect  rays  in  the 

Refleaed   famc  manner.     So  that  wherever  a  fpedator  is 

light.        placed  with  regard  to  the  body,  every  point  of 

that  part  of  the  furface  which  is  towards  bim  will 

be  vifible,  when  no  intervening  objedtftops  the 

paflage  of  the  light. 

As  no  objcd  can  be  feen  through  the  bore 
of  a  bended  pipe,  it  is  evident  that  the  rays  of 
light  move  in  (Iraight  lines,  whilft  there  is  no^ 
thing  to  refradl  or  turn  them  out  of  their  refti- 
lineal  courfe. 

While  the  rays  of  light  continue  in  any  ♦  me- 
dium of  an  uniform  denfity,  they  are  ftraightj 
but  when  they  pafs  obliquely  out  of  one  medium 
into  another,  which  is  either  more  denfe  or  more 


•  Any  thing  through  which  the  rays  of  light  can  pifs,  h 
called  a  medium ;  as  air,  water,  glafs,  diamond,  or  even 
a  vacuum. 

rare, 
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rare^  they  are  refrJi&ed  towards  the  denfcr  me* 
dium  :  and  this  refrafbon  ii^  more  or  lefs^  as  the . 
rays  fall  more  or  lefs  obliquely  on  the  refra&ing 
furface  which  divides  the  tnediums. 

To  prove  this  by  experiment,  fet  the  empty  Fig.  2. 
vei&l  jIBCD  into  any  place  where  the  din  fhines 
obliquely,    and   obferve    the   part   where  the 
Ihadow  of  the  edge  B  C  falls  on  the  bottom  of 
the  veilel  at  E  y  then  fill  the  vefTel  with  water, 
and  the  ihadow  will  reach  no  farther  than  ^; 
which  fliews,  that  the  ray  ir  £  £,  which  came 
ftraight  in  the  open  air,  juft  over  the  edge  (^  the 
▼eflel  at  B  to  its  bottom  ac  £,  is  refra6ted  by 
falling  obliquely  on  the  furfacc  of  the  water  at  Refraaed 
B I  and  inftead  of  going  on  in  the  re&ilineal  di*  ^^g^^* 
.  reAioa  0  BE9  it  is  bent  downward  in  the  wat^r 
from  Btoei  the  whole  bend  being  at  the  furface 
of  the  water:   and  fo  of  all  the  other  rays 
a  h  c»       ' 

If  a  ftick  be  laid  ov^r  the  veflel,  and  the  fun's 
rays  be  refledted  from  a  glafs  perpendicularly 
into  the  vefiel,  the  (hadow  of  the  Hick  will  fail 
upon  the  fame  part  of  the  bottom,  whether  the 
veflel  be  empty  or  full,  which  (hews,  that  the 
rays  of  light  are  not  refradlcd  when  they  fall 
perpendiculaHy  on  the  furface  of  any  medium. 

The  rays  of  light  are  as  much  refracted  by 
pafling  out  of  water  into  air,  as  by  pailing  Out  of 
air  into  water.  Thus,  if  a  ray  of  light  flows 
from  the  point  f,  under  water,  in  the  direftion 
rBi  when  it  comes  to  the  furface  of  the  water  at 
By  it  will  not  go  on  thence  in  the  redlilineal 
courfe  B  d^  but  will  be  refradled  into  the  line  Ba. 
Therefore, 

To  an  eye  at  e  looking  through  a  plane  glais 
in  the  bottom  of  the  empty  veilel,  the  point  a 
cannot  be  feen,  becaufe  the  fide  Be  of  the  veifel 

inter- 
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interpofes ;  and  the  point  d  will  juft  be  feen  ever 
the  edge  of  the  vefTel  at  B.    But  if  the  veflel  bo 
Qlled  with  water,  the  point  a  will  be  feen  from  f  ^ 
and  will  appear  as  at  d^  elevated  in  the  dircAioB 
of  the  ray  e  B*. 
The  days       jj^g  ^j^g  Qf  fun-rlGng  Or  fetting,  fuppofing 
longer  by  *^  rays  fuffered  no  rcfraftion,  is  eafily  found  by 
there-      iralculation.     But  obfervation  proves  that  the 
fraaion     fun  rifes  fooner,  and  fets  later  every  day  than  the 
pf  the      calculated  time;  the  reafon  of  which  is  plain, 
fun  •  rays.  £^^^  what  was  faid  immediately  above.     For, 
though  the  fun's  rays  do  not  come  part  of  the 
way  to  us  through  water,  yet  they  do  through  the 
air  or  atmofphere,  which  being  a  grofier  medium 
than  the  free  fpace  between  the  fun  and  the  top 
of  the  atmofphere,  the  rays,  by  entering  ob- 
liquely into  the  atmofphere,  are  there  refra&ed, 
and  thence  bent  down  to  the  earth.     And  al- 
though there  are  many  places  of  the  earth  to 
which  the  fun  is  vertical  at  noon»   and  confe- 
quently  his  rays  can  fufler  no  refra6lion  at  that 
time,  becaufe  they  come  perpendicularly  through 
the  atmofphere  :  yet  there  is  no  place  to  which 
the  fun's  rays  do  not  fall  obliquely  on  the  top  of 
the  atmofphere,  at  his  rifing  and  fetting;  and 
confequently,  no  clear  day  in  which  the  imn  will 
not  be  vifible  before  he  rifes  in  the  horizon,  and 
after  he  fets  in  it :  and  the  longer  or  fliorter,  a$ 
the  atmofphere  is  more  or  Icfs  replete  with  va- 
Fig.  3.      pours.     For,  let  ABC  be  part  of  the  earth's 
furface,  D  £  F  the  atmofphere  that  covers  it, 

*  Hence  a  piece  of  money  lying  at  /,  in  the  bottom  of  aa 
empty  veflel,  cannot  be  feen  by  an  eye  at  a,  becaqfe  the  edge 
of  the  vefTel  intervenes ;  but  let  the  veilel  be  ^lled  with 
water,  and  the  ray  e  a  being  then  rcfraificJ  at  ^,  will  flrik^ 
the  eye  at  «,  and  fo  render  the  money  vifible,  which  wtil 
appear  as  if  ic  were  raifed  up  to  /  in  the  line  a  Bf. 

6  and 
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and  EBG  H  the  fenGble  horizon  of  an  obferver 
?t  B.  As  every  point  of  the  furi's  furface  fends 
put  rays  of  light  in  all  manner  of  directions, 
fome  of  his  rays  will  conftantly  fall  upon,  and 
enlighten,  fome  half  of  the  atmofphere;  and 
therefore,  when  the  fun  is  at  /,  below  the  hori- 
zon Hj  thofc  rays  which  go  on  in  the  free  fpace 
IkK  preferve  a  reftilineal  courfe  until  they  fall 
upon  the  top  of  the  atmofphere;  and  thofc 
which  fall  fo  about  K^  ^re  refradted  at  their 
entrance  into  the  atmofphere,  and  bent  down 
in  the  line  Km  By  to  the  obferver-s  place  at  B : 
and  therefore,  to  him,  the  fun  will  appear  at  £, 
in  the  dircftion  of  the  ray  BmKj  above  the  hori- 
zon BG  Hf  when  he  is  really  below  it  at  /. 

The  angle  contained  between  a  ray  of  light, 
and  a  perpendicular  to  the  refrafting  furface,  is 
called  the  angle  of  incidence  \  and  the  angle  con-  AugU9f 
tained  between  the  fame  perpendicular,  and  the  '««V«ir#. 
fame  ray  after  refradion,  is  called  the  angle  of 
refrcSiion.     Thus,  let  L  B  Af  be  the  refrading  pig.  ^, 
furface  of  a  medium  (fuppofc  water)  and  ABC  Angh If 
a  perpendicular  to  that  furface ;  let  D  5  be  a  ^*fi^^»^ 
ray  of  light,  going  out  of  air  into  water  at  5, 
and  therein  refradted  in  the  line  BH  \  the  angle 
JB  D^  is  the  angle  of  incidence,  of  which  D  F 
is  the  fine  -,  and  the  angle  K  B  His  the  angle  of 
jrefradtion,  whofe  fine  is  K  I.  • 

When  the  refradting  medium  is  water,  the 
fine  of  the  angle  of  incidence  is  to  the  fine  of 
the  angle  of  refraftion,  as  4  to  3  ;  which  is  con- 
firmed by  the  following  experiment,  taken  from 
iDodlor  Smith's  Optics. 

Defcribc  the  circle  D  J  EC  on  a  plane  fquarc 
board,  and  crofs  it  at  right  angles  with  the 
ftraight  lines  yf  B  C,  and  L  5  M;  then,  from 
the  interfedtion,  J^  with  any  opening  Qf  the  con)* 

pafibs 


2o6  Of  Optics^ 

'  paiTes,  fet  off  the  equal  arcs  A  D  and  ^^  £,  aod  I 
draw  the  right  line  D  F E:  then,  taking  f  d 
which  is  three  quarters  of  the  length  P  E^  from 
the  point  j,  draw  a  I  parallel  to  A  B  K^  ^sA 
join  K  /,  parallel  to  B  M:  (o  K  I  will  be  equal 
to  three  quarters  of  FE  or  of  D  F.  This  done, 
fix  the  board  upright  upon  the  leaden  pedeftal 
O,  and  flick  three  pins  perpendicularly  into  the 
board,  at  the  points  D,  B^  and  /:  then  let  the 
board  upright  into  the  vefTel  VUT^  and  fill  up 
the  veflcl  with  water  to  the  line  LB  M.  When 
the  water  has  fetded,  look  along  the  line  D  By 
fo  as  you  may  fee  the  head  of  the  pin  B  over  the 
head  of  the  pin  D ;  and  the  pin  /  will  appear  io 
the  fame  right  line  produced  to  G»  for  its  bead 
will  be  feen  juft  over  the  head  of  the  pin  at  B: 
which  (hews  that  the  ray  /  iB,  coming  from  the 
pin  at  /,  is  fo  refradted  at  B^  as  to  proceed  from 
thence  in  the  line  B  Dto  the  eye  of  the  obfervcr ; 
the  fame  as  it  would  do  from  any  point  G  in  the 
right  line  D  BG^  if  there  were  no  water  in  the 
veffel :  and  alfo  fhews  that  J^  /,  the  fine  of  re- 
fraftion  in  water,  is  to  D  is  the  fine  of  inci- 
dence in  air,  as  3  to  4  * 

Hence,  if  DB  H  were  a  crooked  ftick  put 
obliquely  into  the  water,  it  would  appear  a 
ilraight  one,  zs  D  B  G.  Therefore,  as  the  line 
B  H  appears  at  B  G\  fo  the  line  jB  G  will  appear 
^t  Bg\  and confequendy,  a ftraight ftick  DBG 
put  obliquely  into  water,  will  feem  bent  at  the 
furfa<:e  of  the  water  in  B^  and  crooked,  as 
DBg. 

When  a  ray  of  light  pafles  out  of  air  into 
glafs,  the  fine  of  incidence  is  to  the  fine  of  re- 

♦  This  is  rtridlly  true  of  the  red  rays  only,  for  the  otlier 
coloured  rays  are  dHFerently  refra£\ed ;  but  the  difitreace  is 
fo  fmall,  that  it  need  not  be  confidered  in  this  pUce. 

fraflion, 
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fradipn,  a&  3  to  2  ;  and  when  out  of  air  into  a 
diamond,  as  5  to  2  • 

Glaft  may  be  ground   into   eight  different  ^''g-  ?• 
(hapes  at  leaftr,  for  optical  purpofes,  viz. 

1.  ^  plane  glafs^  which  is  flat  on  both  fides, 
and  of  equal  thicknefs  in  all  its  parts,  as  A. 

2.  A  piano  convex^  which  is  flat  on  one  fide,  LenCes. 
and  convex  on  the  other,  as  B. 

3.  A.  double  convex^  which  is  convex  on  both 
fides,  as  C. 

4.  A  planO'Ctmcmje  which  is  flat  on  one  fide, 
and  concave  on  the  other,  as  JD. 

5.  A  double-concave^  which  is  concave  on  both 
fides,  as  E.  ^ 

6.  A  menifcus^  which  is  concave  on  one  fide, 
and  convex  on  the  other,  as  F. 

7.  Aflat  plano-convex^  whofc  convex  fide  is 
ground  into  feveral  little  flat  furfaccs,  as  G,  ' 

8.  A  prifmy  which  has  three  flat  fides,  and 
when  viewed  endwife,  appears  like  an  equilateral 
triangle,  as  H. 

GlaflTes  ground  into  any  of  the  (hapes  j5,  C,  D, 
£,  is  arc  generally  called  kiffes. 

A  right  line  Z/if,  going  perpendicularly 
through  the  middle  of  4  lenS)  is  called  the  axis 
of  the  tens. 

A  i^y  of  light  G  bj  falling  perpendicularly  on 
a  plane  glafs  E  F,  will  pals  through  the  ^lafsFIg.  6. 
in  the  fame  diredion  b  /,  and  go  out  of  it  into 
the  air  in  the  fame  right  courfe  /  H. 

A  ray  of  light  A  By  falKng  obliquely  on  a 
plane  glafs,  will  go  out  of  the  glafs  in  the  fame 
direftbn,  but  not  in  the  fame  right  line ;  for  in 
touching  the  plafs,  it  will  be  refradfced  in  the 
line  J?C,  and  m  leaving  the  glafs,  it  will  be  re- 
frafted  in  the  line  C  D. 

A  ray 
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Fig.  6.  A  ray  of  light  C  D^  falling  obliquely  od  tl;^ 
middle  of  a  convex  glafs,  will  go  forward  in  the 
fame  direftion  D  £,  as  if  it  had  fallen  with  tie 
fame  degree  of  obliquity  on  a  plane  glafs;  and 
will  go  out  of  the  glafs  in  the  fame  diredioD 
with  which  it  entered  :  for  it  will  be  equally  rc- 
frafiked  at  the  points  D  and  £,  as  if  it  had  pafled 
through  a  plane  furface.  But  the  rays  C  G  znd 
C  I  will  be  fo  refraded,  as  to  meet  again  at  the 
point  F.  Therefore,  all  the  rays  which  flow 
from  the  point  C,  fo  as  to  go  through  the  glais, 
will  meet  again  at  F;  and  if  they  go  farther 
onward,  as  to  L,  they  crofs  at  F,  and  go  for- 
ward on  the  oppofite  fides  of  the  middle  ray 
CD  E  F,  to  what  they  were  in  approaching  it  in 
the  diredions  H  F  and  K  F. 
Fig.  8.  When   parallel  rays,  as  A  B  C^  fall  diredly 

The  pro-   yj^^Q^  a  plano-convex  glafs  D  £,  and  pafs  through 
different^    it,  they  will  be  fo  refraded,  as  to  unite  in  a 
lenies.       point  /  behind  it :  and  this  point  is  called  the 
principal  focus  :  the  diftance  of  which,  from  the 
middle  of  the  glafs,  is  called  the  focal  dijtance% 
which  is  equal  to  twice  the  radius  of  the  fpherc 
of  the  glaf/s  convexity.     And, 
Fig.  9*  When  parallel  rays,  as  A  B  Cj  fall  diredly 

upon  a  glafs  D  £,  which  is  equally  convex  on 
both  fides,  and  pafs  through  it ;  they  will  be  fo 
refraded,  as  to  meet  in  a  point  or  principal  focus 
/,  whofc  diftance  is  equal  to  the  radius  or  femi- 
diameter  of  the  fphere  of  the  glafs's  convexity. 
But  if  a  glafs  be  more  convex  on  one  fide  than 
on  the  other,  the  rule  for  finding  the  focal 
diftance  is  this ;  as  the  fum  of  the  femidiameters 
of  both  convexities  is  to  the  femidiamctcr  of 
cither,  fo  is  double  the  femidiameter  of  the 
other  tQ  the  diftance  of  the  focus.     Or^  divide 
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^^    double  produft  of  the  radii  by  their  fumj 
^^  the  quotient  will  be  the  diftancc  fought. 

Since  all  thofc  rays  of  the  fun  which  pafs 

^\rough  a  convex  glals  are  colleAed  together 

^^  its  focus,  the  force  of  all  their  heat  is  col- 

^€&ed  into  that  part;  and  is  in  proportion  to 

^he  common  heat  of  the  fun,  as  the  area  of  the 

glafs  is  to  the  area  of  the  focus.     Hence  we  fee 

mc  reafon  why  a  convex  glafs  caufes  the  fun's 

rays  to  burn  after  pafling  through  it. 

All  thefe  rays  crofs  the  middle  ray  in  the  fo« 
cus/,  and  then  diverge  from  it,  to  the  contrary 
lidesy  in  the  fame  manner  FfG^  as  they  con- 
verged in  the  fpace  DfExn  coming  to  it. 

If  another  glafs  F  G,  of  the  fame  convexity 
as  D  £,  be  placed  in  the  rays  at  the  fame  dif- 
cance  from  the  focus,  it  will  refraft  them  (b, 
as  that  after  going  out  of  it,  they  will  be  all 
parallel,  z%a  b  c\  and  go  on  in  the  lame  man* 
ner  as  they  came  to  the  firft  glafs  D  £,  through 
the  ipace  A  B  C\  but  on  the  contrary  fides  of 
the  middle. ray  B  f  b:  for  the  ray  ADfvAW  go 
.  on  from  /  in  the  dire£tion  fGa^  and  the  ray 
C  Ef'ia  the  direftion /F  c  %  and  fo  of  the  reft. 
The  rays  diverge  from  any  radiant  point,  as 
from  a  principal  focus :  therefore,  if  a  candle 
be  placed  at  /,  in  the  focus  of  the  convex  glafs 
F  G,  the  diverging  rays  in  the  fpace  Ff  G  will 
be  fo  refraded  by  the  glafs,  as,  that  after  going 
out  of  it,  they  will  become  parallel,  as  fliewn 
in  the  fpace  c  b  a. 

If  the  candle  be  placed  nearer  the  glafs  than 
its  focal  diftance,  the  rays  will  diverge  after 
paffing  through  the  glafs,  more  or  lefs,  as  the 
candle  is  more  or  lefs  diftant  from  the  focus. 

If  the  candle  be  placed  farther  from  the  glafs 
than  its  focal  diftance,  the  rays  will  converge 
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after  paOing  through  the  glafs,  and  meet  in  a 
point  which  will  be  more  or  \t(^  diftant  from  the 
glafs,  as  the  candle  is  nearer  to,  or  farther  from 
its  focas ;  and  where  the  rays  meet,  they  will 
form  an  inveited  iroage  of  the  flame  of  the 
candle  \  which  may  be  feen  on  a  paper  placed 
in  the  meeting  of  the  rays. 
PlaieXVI.  Hence,  if  any  objeft  ABCht  placed  beyond 
**'£•  '•  the  focus  F  of  the  convex  glafs  d  ef^  fomeof 
the  rays  which  flow  from  every  point  of  the 
objeA,  on  the  fide  next  the  glafs,  will  fall  upon 
it,  and  after  paflTmg  through  it,  they  will  be 
converged  into  as  many  points  on  the  oppofite 
fide  of  the  glafs,  where  the  image  of  every  point 
will  be  formed  :  and  confequently,  the  image 
of  the  whole  objeA,  which  will  be  inverted. 
Thus,  the  rays  Ady  Ae^  Afy  flowing  from  the 
point  Ay  will  converge  in  the  fpace  ia/,  and  by 
meeting  at  ^i,  will  there  form  the  image  of  the 
point  A  The  rays  Bdy  Be^  Bf^  flowing  from 
the  point  J?,  will  be  united  at  b  by  the  refrac- 
tion of  the  glafs,  and  will  there  form  the  image 
of  the  point  J9.  And  the  rays  Ci,  C  e^  Cf^ 
flowing  from  the  point  C,  wiU  be  united  at  c^ 
where  they  will  form  the  image  of  the  point  C. 
And  fo  of  all  the  other  intermediate  points  be- 
tween A  and  C.  The  rays  which  flow  from 
every  particular  point  of  the  objedt,  and  arc 
united  again  by  the  glafs,  are  called  pencils  of 
rays. 

If  the  objeft  -^  J5  C  be  brought  nearer  to  the 
glafs,  the  picture  ab  c  will  be  removed  to  a 
greater  difl:ance.  For  then,  more  rays  flowing 
from  every  fingle  point,  will  fall  more  diverging 
upon  the  glafs  \  and  therefore  cannot  be  io  Coon 
colle<5):ed  into  the  correfponding  points  behind 
it.     Confequently,  if  the  diftance  oi  the  objeft 
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JSCbe  equal  to  the  dlftancc^  F  of  the  focus  ^^^J^ 
of  the  glafs,  the  rays  of  each  pencil  will  be  fo  ^^'  ^* 
refraded  by  pafling  through  the  glafs,  xhat  diey 
-wil)  go  out  of  it  parallel  to  each  other  i  as  d  ly 
£  H9  f  by  from  the  point  C ;  dG^  e  K^  fD^ 
from  the  point  B ;  and  d  K^  e  E^  f  L,  from  the 
point  A :  and  therefore,  there  will  be  no  pic- 
ture formed  behind  the  glais. 

If  the  focal  diftance  of  the  glafs»  and  the 
diftance  of  the  objcA  from  the  glais,  be  known, 
the  diftance  of  the  pidure  from  the  glafs  may 
be  found  by  this  rule,  viz.  multiply  the  diftance 
ibf  the  focus  by  the  diftance  of  the  object,  tad 
^divide  the  produft  by  their  difference;  the 
tjuotient  will  be  the  diftance  of  the  pidure. 

The  piehire  will  be  as  much  big^  or  Ids  P>^*  '• 
than  che  objed,  as  its  diftance  from  the  gbis  is 
greater  or  lefs  than  the  diftance  of  the  objed. 
For,  as  5^  is  to  /  ^9  ib  is  jfC  toco.  So  that 
if  ^£C  be  the objeft,  €ba  will  be  the  pi&ure ; 
or,  if  eta  bt  the  objeA,  J  BC  will  be  the 
picture. 

Having  dcfcribed  how  the  rays  of  light,  The  miii- 
flowing  from  objedts  and  paffing  through  x:on-^^^^'^^' 
vex  glafies,  are  colleAed  into  points^^  and  form 
the  images  of  the  objeds ;  it  will  be  eafy  to  ua-   . 
derftand  how  the  rays  are  affcded  by  pafliog 
thfoogh  thof  humours  of  the  eye,  and  are  there- 
by coUcded  into  innumerable  points  on  the  bot- 
tom of  the  eye,  and  thereon  form  the  images  of 
the  objcds  which  they  flow  from*    For,  the 
difiereat  humours  of  the  eye,  and  particularly 
•  the  chryftalline  humour,   arc  to  be  confidered 
as  a    convex  giafs ;    and  the  rays  in  paflmg 
through  them  to  be  aflfe&ed  in  the  fame  manner 
«s  in  pafling  through  a  convex  gUfs. 

P  The 
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PUtcXVL  The  eye  is  nearly  globuUr.  It  conOfts  ^ 
Fig*  :•  three  coats  and  three  humours.  The  part 
DHHG  of  the  outer  coat,  is  called  the/f>- 
rotica^  the  reft  D  EFG  the  cornea.  Next  with- 
in this  coat  is  that  called  the  cboraidiSy  which 
ferves  as  it  were  for  a  lining  to  the  other^  and 
joins  with  the  iris  m  ;/,  m  n.  The  iris  is  com- 
pofed  of  two  fcts  of  mufcular  fibres ;  the  one  of 
a  circular  form,  which  contracts  the  hole  in  the 
middle  called  the  pupily  when  the  light  would 
The  eye  othcrwifc  be  too  ftrong  for  the  eye;  and  the 
dcfaibcd.  other  of  radial  fibres,  tending  every  where  from 
the  circumference  of  the  iris  towards  the  middle 
of  the  pupil;  which  fibres,  by  their contradtioo, 
dilate  and  enlarge  the  pupil  when  the  light  is 
weak,  in  ordc^r  to  let  in  the  more  of  its  rays. 
The  third  coat  is  only  a  fine  expanfion  of  the 
.optic  nerve  L,  which  fpreads  like  net-work  all 
over  the  infide  of  the  choroides,  and  is  therefore 
called  the  retifia  \  upon  which  are  painted  (as  it 
were)  the  images  of  all  vifible  objcfts,  by  the 
rays  of  light  which  either  flow  or  are  rcflcfted 
from  them. 

Under  the  cornea  is  a  fine  tranfparcnt  fluid 
like  water,  which  is  therefore  called  the  aqueous 
bumeiir.  It  gives  a  protuberant  figure  to  the 
cornea,  fills  the  two  cavities  m  m  and  »  »,  which 
communicate  by  the  pupil  P,  and  has  the  fame 
limpidity,  Icecific  gravity,  and  refractive  power 
as  water.  At  the  back  of  this  lies  the  chryjialline 
'  hitmctir  I  Ij  v.'hich  is  fnaped  like  a  double  con- 
i^ex  glafs ;  and  is  a  little  more  convex  on  the 
back. than  the  fore-pjirr.  Ic  converges  the  rays, 
which  pafs  through  ic  from  every  vifible  objed 
to  its  focus  at  the  bottom  of  the  eye.  This 
humour  is  tranfparent  like  chryftal,  is  much  of 
the  confiftence  of  hard  jelly,  and  exceeds  the 
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JTptcific  ghivity  of  water  in  the  proportion  of 
It  to  10.     It  is  inclofed  in  a  fine  tr^nfparent 
incmbranc;  from   which  proceed  radial  fibres 
e  v;  called  the  ligamentum  ciliare^  all  around  its  • 
edge ;  and  join  to  the  circumference  of  the  iris. 
Thefe  fibres  have  a  power  of  contradting  ajid 
dilating  occafionally,  by  which  means  they  alter-, 
the  fhapc  or  convexity  of  the  chryftalline  hu-' 
mour,  and  alfo  fhift  it  a  little  backward  or  for-*, 
ward  in  the  eye,  fo  as  to  adapt  its  focal  diftance. 
at  the  bottom  of  the  eye  to  the  different  diftances* 
of  objefts ;  without  which  provifion,  we  could, 
only  fee  thofe  objedts  diftindtly,  that  were  all  at- 
one diftance  from  the  eye. 

At  the  back  of  the  chryftalline,  lies  the  viin* 
aus  humour  K  K^  which  is  tranfparcnc  like  glafs,,- 
and  is  largeft  of  all  in  quantity,  filling  the  whole 
orb  of  the  eye,  and  giving  it  a  globular  fhape«^ 
It  is  much  of  a  confiftence  with  the  white  of  an. 
egg,  and  very  little  exceeds  the  fpecific  gravity 
and  refractive  power  of  water. 

As  every  point  of  an  objed  ABC  fends  out 
rays  in  all  dircdions,  fome  rays,  from  c^try 
point  on  the  fide  next  the  eye,  will  fall  upoa 
the  cornea  between  E  and  F\  and  by  pafTing  on 
through  the  humours  and  pupil  of  the  eye, 
they  will  be  converged  to  as  many  points  on 
the  retina  or  bottom  of  the  eye,  and  will  thereon 
form  a  diftindt  inverted  pifcurc  c  b  a  oi  the  ob- 
jcft.  Thus,  the  pencil  of  rays  qr  s  that  flows 
from  the  point  /I  of  the  objedt,  will  be  con- 
verged to  the  point  ^on  the  retina;  thofe  from 
the  point  ^  will  be  converged  to  the  point /i^ 
thofe  from  the  point  C  will  be  converged  to  tho 
point  c  ',and  fo  of  all  the  intermediate  points  :  by 
which  means  the  whole  image  abc'xs  formed* 
and  the  objedl  made  vifible  ^  although  it  muft 
P  2  be 
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be  owned,  thtt  the  method  by  which  this  {eofi- 
tion  is  carried  from  the  eye  by  the  optic  nerve  to 
the  common  fenfory  in  the  brain,  and  then 
dtfcerned,  b  above  the  reach  of  our  comp» 
henCion. 

But  that  vifion  is  effeded  in  this  manner, 
may  be  demonftrated  experimentally.  Take  a 
bullock's  eye  whilft  it  is  frelh,  and  having  cut 
off  the  three  coats  from  the  back  part,  quite 
to  the  vitreous  humour,  put  a  piece  of  white 
paper  over  that  part,  and  hold  the  eye  towards 
any  bright  objeiSl,  and  you  will  fee  an  inverted 
picture  of  the  object  upon  the  paper. 

Seeing  the  image  is  inverted,  many  have 
Wondered  why  the  objeft  appears  upright.  But 
wc  arc  to  confider,  i.  That  inverted  is  only  a 
relative  term  :  and  2.  That  there  is  a  very  great 
difference  between  the  real  objeft  and  the  means 
or  image  by  which  we  perceive  it.  When  all 
the  parts  of  a  diftant  profped  are  painted  upon 
the  retina,  they  are  all  right  with  refpeA  to  one 
another,  as  well  as  the  parts  of  the  profped 
itfelf ;  and  we  can  only  judge  of  an  objed's 
being  inverted,  when  it  is  turned  reverfc  to  its 
natural  pofition,  with  refpedl  to  other  objcdte 
which  wc  fee  and  compare  it  with. — If  wc  lay 
hold  of  an  upright  dick  in  the  dark,  wc  can  tell 
which  is  the  upper  or  lower  part  of  it,  by  mov- 
ing our  hand  upward  or  downward ;  and  know 
very  well  that  we  cannot  feel  the  upper  end  by 
nfoving  our  hand  downward.  Juft  fo  we  find 
by  experience,  that  upon  direding  our  eyei 
cowards  a  tall  objed,  we  cannot  fee  its  top  by 
turning  our  eyes  downward,  nor  its  foot  bf 
turning  our  eyes  upward ;  but  muft  trace  the 
objett  the  fame  way  by  the  eye  to  fee  it  from 
head  to  foot,  as  we  do  by  the  hand  to  feel  it  1 
6  and 
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and  as  the  judgtncnt  is  informed  by  the  motion 
of  the  hand  in  one  cafe,  fo  it  is  alfo  by  the  mo*  . 
tion  of  the  eye  in  the  other. 

In  Fig.  4*  is  exhibited  the  manner  of  fceine  pi^^ . 
the  lame  objeA  ^  B  Cy  by  both  the  eyes  D  and 
E  at  once. 

When  any  part  of  the  image  c  b  a  hWs  upon 
the  optic  nerve  Z,  the  correfponding  part  of 
the  obje&  becomes  'inviiible.  On  which  ac- 
count nature  has  wifely  placed  the  optic  nerve  * 
of  each  eye,  not  in  the  middle  of  the  bottom  pf 
the  eye,  but  towards  the  fide  next  the  noie  ;  to 
that  whatever  part  of  the  inuige  falls  upon  the 
optic  nerve  of  one  eye,  may  not  fall  upon  the 
optic  nerve  of  the  other.  Thus  the  point  a  of 
the  image  €  i  a  falls  upon  the  optic  nerve  of  the 
eye  D,  but  not  of  the  eye  E ;  and  the  point  e 
falls  upon  the  optic  nerve  of  the  eye  £,  but  not 
of  the  eye  D  :  and  therefore  to  both  eyes  taken 
together,  the  whole  objeA  j1  B  Cis  vifible. 

The  nearer  that  any  obje£):  is  to  the  eye,  thepi^te 
larger  is  the  angle  under  which  it  it  feen,  and  XVII. 
(he  magnitude  under  which  it  appears.     Thus  ^'S*  >• 
to  the  eye  A  the  objeft  A  B  C\%  feen  under  the 
angle  A  P  C\  and  its  image  c  b  ah  very  large 
upon  the  retina :  but  to  the  eye  £,  at  a  double 
diftance,  the  fame  objc£l  is  ititn  under  the  angle 
A  pCy  which  is  equal  only  to  half  the  angle 
^  P  Cj  ^is  evident  by  the'figure.     The  image 
t  i  si$  likewife  twice  as  large  in  the  eye  Z),  as 
the  other  image  c  i  a'xsin  the  eye  E.     In  both 
thefe  reprefentations,  a  part  of  the  image  falls 
on  the  optic  nerve,  and  the  obje£t  in  the  corre- 
fponding part  is  invifible. 

As  tl^  fenfe  of  feeing  is  allowed  to  be  occa- 

fioned  by  the  impulfe  of  the* rays  from  the  vifible 

-pbjed  upon  the  retina  of  the  eye,  and  forming 
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the  image  of  the  objcft  thereon,  and  that  the 
retina  is  only  the  expanlion  of  the  optic  nerve  all 
over  the  choroides ;  it  Ihould  feem  furprifing 
that  the  part  of  the  image  which  falls  on  the 
optic  nerve  (hould  render  the  like  part  of  the 
objeft  invilible;  efpecially  as  that  nerve  is  al- 
lowed to  be  the  inftrument  by  which  tbc  impulfe 
and  image  are  conveyed  to  the  common  fenfory 
in  the  brain.  But  this  difficulty  vanilhes,  when 
we  ronGder  that  there  is  an  artery  within  the 
trunk  of  the  optic  nerve,  which  entirely  ob- 
fcures  the  image  in  that  part,  and  conveys  no 
fenfation  to  the  brain. 

That  the  part  of  the  image  which  falls  upon 
the  middle  of  the  optic  nerve  is  loft,  and  confc- 
quently  tlie  correfponding  part  of  the  objeft  is 
rendered  invifible,  is  plain  by  experiment.  For,  if 
*  '£•  2.  a  pcrfon  fixes  three  patches,  /U S^C^  horizontally, 
upon  a  white  wall,  at  the  height  of  the  eye,  and 
the  diftance  of  about  a  foot  from  each  other,  and 
places  himfclf  before  them,  (hutting  the  right 
eye,  and  dircfling  the  left  towards  the  patch  C, 
he  will  fee  the  patches  //  and  C,  but  the  middle 
patch  fi  will  difappear.  Or,  if  he  fhuts  his  left 
eye,  and  directs  the  right  towards  yf,  he  will  fee 
both  ^anu  C,  but  5  Vviil  difappear;  and  if  he 
directs  his  eye  towards  B^  he  will  fee  both  B  and 
^,  bi:t  not  C  For  whatever  patch  is  dFredHy 
oppofite  to  the  optic  nerve  N^  vanifhes.  This 
requires  a  little  praftice,  after  which  he  will  fii\d 
it  eafy  to  dired  his  eye,  fo  as  to  lofe  the  fight 
of  whichever  patch  he  pleafes. 

We  are  not  commonly  fenfible  of  this  difap- 
pearance,  becaufc:  the  motions  of  the  eye  are 
fo  quick  and  inftantaneous,  that  we  no  Iboner 
lofe  the  fight  of  any  part  of  an  oqjeft,  than  we 
recover  it  again ;  much  the  fame  as  in  the 
Cwinkling  of  our  eyes,  for  at  each  twinkling  we 

arc 
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are  blinded ;  but  it  is  fo  foon  over,  that  we  are 
fcarce  ever  fcnfiblc  of  it. 

S6mc  eyes  require  the  affiftancc  of  convex  Fig.  4. 
glafies  to  make  them  fee  objefts  diftindlly,  and  Why 
others  of  concave.     If  cither  the  cornea  abc  ox  ^^"'^/y" 
'  chryftalline  humour  e^  ox  both  of  them,  be  too  fpcSacks. 
flat,  as  in  the  eye  ^,  their  focus  will  not  be  on 
the  retina,  as  at  d^  where  it  ought  to  be,  in  or- 
der to  render  viGon  diflinft ;   but  beyond  the 
eye,  as  at  /.    Confequently  thofe  rays  which 
flow  from  the  oh]t6i  C,  and  pafs  through  the 
humours  of  the  eye,  are  not  converged  enough 
to  unite  at  d\   and  therefore  the  obferver  can 
have  but  a  very  indiftindt  view  of  the  objeft. 
This  is  remedied  by  placing  a  convex  glafs  g  b 
before  the  eye,  which  makes  the  rays  converge 
iboner,  and  imprints  the  image  duly  on  the 
retina  at  d. 

If  either  the  cornea,  or  chryftalline  humour,^ 
or  both  of  them,  be  too  convex,  as  in  the  eye 
/,  the  rays  that  enter  in  from  the  objeft  C,  will 
be  converged  to  a  focus  in  the  vitreous  humour, 
as  at  /;  and  by  diverging  from  thence  to  the 
retina,  will  form  a  very  confufed  image  thereon : 
-and  fo,  of  courfe,  the  obferver  will  have  as  con- 
fufed a  Jview  of  the  objeA,  as  if  his  eye  had  been 
too  flat*  This  inconvenience  is  remedied  by 
placing  a  concave  glafs  j-  i^  before  the  eye ;  which 
glafi,  by  cauQng  the  rays  to  diverge  between  it 
and  the  eye,  lengthens  the  focal  diftance  fo, 
that  if  the  glafs  be  properly  chofen,  the  rays 
will  .unite  at  the  retina,  and  form  a  diftindt  pic- 
ture of  the  objeft  upon  it. 

Such  eyes  as  have  their  humours  of  a  dua 

convexity,  cannot  fee  any,  objedt  diftinftly  at  a 

left  diftance  than  fix  inches;  and  there  are 

numberlcfs  objeds  too  fmali  to  be  feen  at  that 

P  4  diftance. 
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diftance,  becaufc  they  cannot  appear  under  agf 
fenfiblc  angle.  The  method  of  viewing  fack 
minute  objefts  is  by  a  mkrQfc&pe^  of  which  there 
arc  three  lorts,  viz.  the  f^ngk^  the  daukle^  and 
5^*  |r  .  the  folar, 

m^tfiS^.  The  Jfp!gk  micrafcope,  is  only  a  fmall  convex 
'  glafs,  as  c  dj  having  the  objedt  a  b  placed  in  iti 
focust  and  the  eye  at  the  fame  diftance  on  the 
other  fide  i  fo  that  the  rays  of  each  pencil,  flow- 
ing from  every  point  of  the  objcft  on  the  fide 
next  the  glafs,  may  go  on  parallel  in  the  fpace 
between  the  eye  and  the  glafs ;  and  theot  ^ 
entering  the  eye  at  C,  they  will  be  converged 
to  as  many  different  points  on  the  retina,  and 
form  a  large  inverted  piAure  A  B  upon  it,  as 
in  the  figure. 

To  find  how  much  this  glafs  magnifies*  di- 
vide the  leaft  diftance  (which  is  about  fix  inches) 
at  which  an  obje£t  can  be  feen  diftinftly  with 
the  bare  eye,  by  the  focal  diftance  of  the  glais ; 
and  the  quotient  will  fliew  how  much  the  glafs 
magnifies  the  diameter  of  the  object. 

The  double  or  compound  microfcopi.^  confifts  of 

an  objeft-glafs  c  d,  and  an  eye  glafs  e  f.     The 

Fig.  6.     fmall  object  a  b  \s  placed  at  a  little  greater  dif* 

The         tance  from  the  glafs  c  d  than  its  principal  focus, 

fr'l/iLT'  ^^  ^^^^  ^^^  pencils  of  rays  fiowing  from  the  dif* 

'         '     ferent  points  of  the  objeft,  and  paffing  through 

the  glafs,  may  be  made  to  converge  and  unite 

in  as  many  points  between  g  and  b^  where  the 

image  of  the  objeft  will  be  formed :   which 

image  is  viev/ed  by  the  eye  through  the  eye- 

glafs  e  f.    For  the  eye-glafs  being  fo  placed, 

chat  the  image  g  b  may  be  in  its  focus,  and  the 

eye  much  about  the  fame  diftance  on  the  other 

fide,  the  rays  of  each  pencil  will  be  paralieL 

after  going  out  of  the  eye-glafs,  as  at  ^  and  /% 

till 
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till  thqr  come  Co  the  eye  at  i,  where  they  will 
begin  to  converge  by  the  rcfraftive  power  of 
the  humours;  and  after  having  crofied  each 
other  in  the  pupil,  and  pafled  through  the  chryf- 
tallioe  and  vitreous  humours  they  will  be  col« 
levied  into  points  on  the  retina,  and  form  the 
large  inverted  image  A  B  thereon. 

The  magnifying  power  of  this  microfcc^  is 
IS  follows.  Suppofe  the  ima^e  g  b  10  ht  Qx 
times  the  diftance  of  the  objeA  a  b  from  the 
objeft-glafe  c  d  \  then  will  the  image  be  fix  timea 
.  the  length  of  the  objeft :  but  fince  the  image 
could  not  be  (een  diftin£tly  by  the  bare  eye  at 
a  lefs  diftance  than  fix  inches,  if  it  b^  viewed 
by  an  eye-glafs  r/,  of  one  inch  focus,  it  will 
thereby  be  brought  fix  times  nearer  the  eye^ 
and  confequently  viewed  under  an  angle  fix  times 
as  large  as  before ;  fo  that  it  will  be  again  mag<* 
nified  fix  times  ;  that  is,  fix  times  by  the  objcd^ 
glafs,  and  fix  times  by  the  eye-glafs,  which  mul- 
tiplied  into  one  another,  makes  36  times  %  and 
fo  much  is  the  objed  magnified  in  diameter  more 
than  what  it  appears  to  the  bare  eye ;  and  confe* 
quently  36  times  36,  or  1 296  times  in  furface. 

But  becaufe  the  extent  or  field  of  view  is 
very  fmall  in  this  microfcope,  there  are  gene- 
rally two  eye*glafles  placod  fometimes  dofe 
tog^er,  and  fometimes  an  inch  afunder;  bf 
which  means,  although  the  obje£t  appears  lete 
maljgnified,  yet  the  vifible  area  is  much  enlarged 
by  the  interpofidon  of  a  fecond  eye*glaft  %  and 
coniequently  a  much  pleafanter  view  is  ob- 
tuoed. 

The  f$lar  microfcope^  invented  by  Dr.  Ue^  Fig.  7, 
^kbun^  is  conftnk^ed  in  the  following  manner.  The>&ir 
Having  procured  a  very  dark  room,  let  a  round  ^^^ 
|^)|e  be  ooade  ia  cbe  window-Oiuttar,  about  three 

inches 
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inches  diameter^  through  which  the  fun  may  caft 
a  cylinder  of  rays  A  A  into  the  room*  In  this 
hole,  place  the  end  of  a  tube,  containing  iwo 
convex  glafTes  and  an  object,  viz.  i.  A  convex 
glafs  a  a^  of  about  two  inches  diameter,  and 
three  inches  focal  diftance,  is  to  be  placed  in 
that  end  of  the  tube  which  is  put  into  the  hole. 
2.  The  objedt  b  b^  being  put  between  two  glafTes 
(which  muft  be  concave  to  hold  it  at  liberty)  is 
placed  about  two  inches  and  a  half  from  the  glafs 
a  a.  3.  A  little  more  than  a  quarter  of  an  inch 
from  the  objeft  is  placed  the  fmall  convex  glafs 
c  Cy  whofe  focal  diftance  is  a  quarter  of  an  inch. 

The  tube  may  be  fo  placed,  when  the  fun  is 
low,  that  his  rays  A  A  may  enter  diredly  into 
it :  but  when  he  is  high,  his  rays  B  B  muft  be 
refkdled  into  the  tube  by  the  plane  mirrour  or 
looking-glafs  C  C. 

Things  being  thus  prepared,  the  rays  that 
enter  the  tube  will  be  conveyed  by  the  glafs  a  a 
towards  the  object  b  /»,  by  which  means  it  will 
be  ftrongly  illuminated ;  and  the  rays  d  v»hich 
flow  from  it,  through  the  magnifying  glafs  c  r, 
^vill  make  a  large  inverted  picture  of  the  objeft 
at  D  Z),  which,  being  received  on  a  white  paper, 
will  reprefent  the  object  magnified  in  length,  in 
proportion  of  the  diftance  of  the  picture  from 
the  glafs  c  r,  to  the  diftance  of  the  objcdt  from 
the  fame  glafs.  Thus,  fuppofe  the  diftance  of  the 
objeft  from  the  glafs  to  be  vV  parts  of  an  inch, 
and  the  diftance  of  the  diftind  pidture  to  be  12 
feet  or  144  inches,  in  which  there  are  1440  tenths 
of  an  inch  -,  and  this  number  divided  by  o,  tenths, 
gives  480;  which  is  the  number  of  times  the 
pifture  is  longer  or  broader  than  the  objedl ;  and 
the  length  multiplied  by  the  breadth,  fhews  how 
much  the  whole  furface  is  magnified. 

Before 
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_     before  wc  enter  upon  the  defcription  of  tele-  Teh/ccpes. 

^Opes,  it  will  be  proper  to  fhevv  how  the  rays 
^*f  light  are  aflFcfted  by  pafling  through  concave 
^\afles,  and'  alfo  by  falling  upon  concave  mir- 
X'c^urs. 

"When  parallel  rays,  asabcdefgb^  pafs  Plate. 
f3ircftly  through  a  glafs  A  5,  which  is  equally  XVIir. 

concave  on  both  fides,  they  will  diverge  after  ^'S-  «• 

fiafiing  through  the  glafs,  as  if  they  had  come 
rom  a  radiant  point  C,  in  the  center  of  the 
,  glafs's  concavity;  which  point  is  called  the  nc-' 
gative  or  virtual  focus  of  the  glafs.  Thus  the 
fay  a^  after  pafling  through  the  glafs  A  5,  will 
^o  on  in  the  direction  k  /,  as  if  it  had  proceeded 
trpm  the  point  C,  and  no  glafs  been  in  the  way, 
'  The  ray  b  will  go  on  in  the  direSion  m  ny  the 
ray  r  in  the  direftion  o  f^  &c.— The  ray  C, 
that  falls  direfUy  upon  the  middle  of  the  glafs, 
fuffcrs  norefraftion  in  palfing  through  it;  but 
goes  on  in  the  fame  rcftilincal  direftion,  as  if 
no  glafs  had  been  in  irs  way. 

If  the  glafs-  had  been  concave  only  on  one 
fide,  and  the  other  fide  quite  plane,  the  rays 
would  have  diverged,  after  paflTin^  through  it, 
as  if  they  had  come  from  a  radiant  point  at 
douBle  the  diftance  of  C  from  the  glafs  ;  that  is, 
as  if  the  radiant  had  been  at  the  diftance  of  a 
whole  diameter  of  the  glafs's  concavity. 

If  rays  come  more  converging  to  fuch  aglaft, 
than  parallel  rays  diverge  after  paflTing  through 
it,  they  will  continue  to  converge  after  palfing 
through  it ;  but  will  not  meet  fo  foon  as  if  no 
glafs  had  been  in  the  way-,  and  will  incline 
tov/ards  the  fame  fide  to  which  they  would  have 
diverged,  if  they  had  come  parallel  to  the  glafs. 
Thus  the  rays  /  and  b^  going  in  a  converging 
ftate  towards  the  edge  of  the  glafs  at  Bj  and 

con- 
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converging  more  in  their  way  to  h  than  toe  pa* 
rallc!  rays  diverge  after  paffing  through  1r»  they 
will  go  on  converging  after  they  pais  through 
it,  though  in  a  lefs  degree  than  thej  did  before, 
and  will  meet  at  /:  but  if  no  glafs  had  been  id 
cheir  way,  they  would  have  met  at  /• 
Fig.  ^  When  the  parallel  rays,  as  d/a^  C  mb^itt^ 
fall  upon  a  concave  mirror  A  B  (which  is  not 
tranfparent,  but  ba»  only  the  futface  A b  Bof 
a  clear  polilh)  they  will  be  reBe£ted  back  from 
that  mirror,  and  meet  in  a  point  «i,  at  half  the 
diftancc  of  the  furface  of  the  mirror  from  C, 
the  center  of  its  concavity :  for  they  will  be 
refle6led  at  as  great  an  angle  from  the  perpendi- 
cular to  the  furface  of  the  mirror,  as  they  fell 
upon  ir,  with  regard  to  that  perpendicular ;  but 
on  the  other  fide  thereof.  Thus,  let  C  be  the 
center  of  concavity  of  the  mirror  Ab  B^  and 
let  the  parallel  rays  ifa^  Cm  b^  and  e I c^  fall 
upon  it  at  the  points  a  b^  and  c.  Draw  the 
lines  C  i  a^  C  m  b^  and  C  b  Cy  from  the  center  C 
to  theie  points ;  and  all  thefe  lines  will  be  per* 
pendicular  to  the  furface  of  the  mirror,  becaufe 
they  proceed  thereto  like  fo  many  radii  or  fpokes 
from  its  center.  Make  the  angle  Cab  equal 
to  the  angle  d a  C^  and  draw  the  line  am  b^ 
which  will  be  the  direftion  of  the  ray  dfa^  after 
it  is  reftefted  from  the  point  a  of  the  mirror : 
fo  that  the  angle  of  incidence  d  aC^  is  equal  to 
the  angle  of  refledtion  C  ab\  the  rays  making 
equal  angles  with  the  perpendicular  Ci  a  on  ix\ 
oppoGte  fides. 

Draw  alfo  the  perpendicular  C  b  e  to  the  point 
r,  where  the  rsiy  e  I  c  touches  the  mirror ;  and, 
having  made  the  angle  C  c  /,  equal  to  the  angle 
C  c  i^  draw  the  line  c  m  /,  which  will  be  the 

courft 
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eonrfe  of  the  ray  e  /  c^  atfter  it  is  reflcded  from 
the  mirror. 

The  ray  Cm  b  paflcs  through  the  center  of 
concavity  of  the  mirror,  and  falls  upon  it*,  ac 
hi  the  perpendicular  to  it  (  and  is  therefore  re- 
fleded  back  from  it  in  the  fame  line  im  C. 

All  thefe  reflcdted  rays  meet  in  the  point  m ; 
and  in  that  point  the  image  of  the  body  which 
emits  the  parallel  rays  da^  C  b^  and  e  c,  will  be 
formed :  which  point  is  diftant  from  the  mir- 
ror equal  to  half  the  radius  i  m  C  of  its  con* 
cavity. 

The  rays  which  proceed  from  any  celeftial 
objed  may  be  efteenfied  parallel  at  the  earth  1 
and  therefore,  the  images  of  that  objeA  will  be 
formed  at  p^  when  the  refle&ing  furface  of  the 
concave  mirror  is  turned  directly  towards  the 
obje£t«  Hence,  the  focus  m  of  parallel  rays 
is  not  in  the  center  of  the  mirror's  concavity, 
but  half  way  between  the  mirror  and  that 
center. 

The  rays  which  proceed  from  any  remote 
terreftrial  objed,  are  nearly  parallel  at  the  mir- 
ror ;  not  ftridly  fo,  but  come  diverging  to  it, 
in  feparate  pencils,  or,  as  it  were,  buneles  of 
rays,  from  each  point  of  the  (ide  of  the  ol^cft 
next  the  mirror:  and  therefore  they  will  not 
be  converged  to  a  point,  at  the  diftance  of  half 
the  radius  of  the  mirrorfs  concavity  from  its 
refle&ing  furface  i  but  into  feparate  points  at  a 
little  greater  diftance  from  the  mirror.  And 
the  nearer  the  objed  is  to  the  mirror,  the  far* 
ther  thefe  points  will  be  from  it;  and  an  in- 
verted image  of  the  objed  will  be  formed  in 
them,  which  will  feem  to  hang  pendent  in  the 
air ;  and  will  be  feen  by  an  eye  placed  bqrond 
it  (with  regard  to  the  mirror)  in  all  stipefts 

likt 
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like  the  objcft,  and  as  diftinft  as  the  objiflf 
itfclf. 
Fig.  3.  Let  A  c  Bht  the  reflecting  furface  of  a  mir- 
ror, whofe  center  of  concavity  is  at  C;  and 
let  the  upright  objcft  D  £  be  placed  beyond  the 
center  C,  and  fend  out  a  conical  pencil  of  di- 
verging rays  from  its  upper  extremity  Z),  to 
every  point  of  the  concave  furface  of  the  mir- 
ror A  c  B.  But  to  avoid  confufion,  we  only 
draw  three  rays  of  that  pencil,  zs  D  A^  D  r, 
DB. 

From  the  center  of  concavity  C,  draw  the 
three  right  lines  C  A^  C  c^  C  B^  touching  the 
mirror  in  the  fame  points  where  the  forclaid 
rays  touch  it ;  and  ail  thefe  lines  will  be  per- 
pendicular to  the  furface  of  the  mirror.  Make 
the  angle  C  A  d  equal  to  the  angle  D  A  C^  and 
draw  the  right  line  Ad  for  the  courfc  of  the 
reflcfted  ray  DA:  make  the  angle  C  c  d  equal 
to  the  angle  D  c  Cy  and  draw  the  right  line  cd 
for  the  courfe  of  the  refledcd  ray  D  d :  make 
alfo  the  angle  C  B  d  equal  to  the  angle  D  B  Cy 
and  draw  the  right  line  B  d  for  the  courfc  of  the 
refleftcd  ray  D  B.  All  thefe  refleded  rays  will 
meet  in  the  point  ^,  where  they  will  form  the 
extremity  d  of  the  inverted  image  c  d^  fimilar  to 
the  extremity  D  of  the  upright  cbjc6t  D  E. 

If  the  pencils  of  rays  E  /,  E  g^  E  b  be  alfo 
continued  to  the  mirror,  and  their  angles  of  re- 
fleftion  from  it  be  made  equal  to  their  angles  of 
incidence  upon  it,  as  in  the  former  pencil  from 
Dy  they  will  all  meet  at  the  point  e  by  refledlion, 
and  form  the  extremity  e  of  the  image  e  d,  fimi- 
lar to  the  extremity  E  of  the  object  D  E. 

And  as  each  intermediate  point  af  the  objefb^ 
between  D  and  jK,  fends  out  a  pencil  of  rays  in 
like  manner  to  every  part  of  the  mirror,   the 

rays 
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rays  :of  each  pencil  will  be  refleded  back  from 
it,  anid  meet  in  all  the  intermediate  points  be* 
tween  the  extremities  e  and  d  of  the  image  ;  and 
fo  the  whole  image  will  be  formed,  not  at  j, 
half  the  diftance  of  the  mirror  from  its  center 
of  concavity  C ;  but  at  a  greater,  diftance,  be^ 
twecn  /  and  the  objed  D  E  \  and  the  image  will 
be  inverted  with  refpeft  to  the  objcft. 

This  being  well  underftood,  the  reader  will 
eafily  fee  how  the  image  is  formed  by  the  large 
concave  mirror  of  the  reflcfting  tclcfcope, 
when  he  comes  to  the  defcriptidn  of  that  in- 
ftrument. 

When  the  objc6t  is  more  remote  from  the 
mirror  than  its  center  of  concavity  C,  the 
image  will  be  lefs  than  the  objefi:,  and  between 
the  objeA  and  mirror  :  when  the  objefb  is  nearer 
than  the  center  of  concavity,  the  image  will  be 
more  remote  and  bigger  than  the  objedt .-  thus, 
if  D  £  be  the  objeft,  e  d  will  be  its  image  -,  for, 
as  the  objcft  recedes  from  the  mirror,  the 
image  approaches  nearer  to  it ;  and  as  the  ob- 
jcdl  approaches  nearer  to  the  mirror,  the  image 
recede^  farther  from  it ;  on  account  of  the  leflTer 
or  greater  divergency  of  the  pencils  of  rays 
which  proceed  from  the  objed^  for,  the  lefs 
they  diverge,  the  fooner  they  are  converged  to 
points  by  refledlion;  and  the  more  they  di- 
verge, the  farther  they  muft  be  reflcdled.  befpre 
they  meet. 

If  the  radius  of  the  mirror's  concavity  and 
the  diftance  of  the  objeft  from  it  be  known,  the 
diftance  of  the  image  from  the  mirror  is  found 
by  this  rule:  divide  the.produA  of .  the  dif- 
tance and  radius  by  doubk.the  diftance  made  * 
lefs  by  the  radius,  and  the  quotient  ia'the  dif- 
tance required. 

If 
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It  the  objcA  be  in  the  center  of  the  mirrort] 
concavity^  the  image  and  objed  wiU  be  coind* 
dent,  and  equal  in  bulk» 

If  a  man  places  hUnfelf  direftJy  before  a  large  I 
coacave  mirror,  but  farther  from  it  than  iu 
center  of  concavity,  he  will  fee  an  inverted 
image  of  himfclf  in  the  air,  between  him  and 
the  mirror,  of  a  lefs  fize  than  himfeif.  And 
if  he  holds  out  his  hand  towards  the  mirror, 
the  hand  of  the  image  will  come  out  towardi 
Jiis  hand,  and  coincide  with  it,  of  an  equal 
bulk,  when  his  hand  is  in  the  center  of  oonca- 
vity;  and  he  will  imagine  he  may  (hake  hands 
with  his  image.  If  he  reaches  his  hand  farther, 
the  hand  of  the  image  will  pafs  by  his  hand,  and 
come  between  his  hand  and  his  body  :  and  if  he 
nioves  his  hand  towards  either  fide,  the  hand  of 
the  image  will  move  towards  the  other ;  lb  that 
whatever  way  the  objedl  moves,  the  image  will 
move  the  contrary  way* 

All  the  while  a  by-ftander  will  fee  nothing  of 
the  image,  becaufe  none  of  the  refleded  rays~ 
that  form  it  enter  his  eyes. 

If  a  fire  be  made  in  a  large  room,  and  a 
fmooth  mahogany  table  be  placed  at  a  good 
diftance  near  the  wall,  before  a  large  concave 
mirror,  fo  placed,  that  the  light  of  the  fire 
may  be  reflcded  from  the  mirror  to  its  focus 
upon  the  uble ;  if  a  perfon  ftands  by  the  cable, 
he  will  fee  nothing  upon  it  but  a  longifli  beam 
of  light :  but  if  he  ftands  at  a  diftance  towards 
the  fire,  not  direflly  between  the  fire  and  mir- 
ror, he  will  fee  an  image  of  the  fire  upon  the 
table,  large  and  ered.  And  if  another  per- 
ibn,  who  knows  nothing  of  this  matter  before- 
hand,  {hould  chance  to  come  into  the  room, 
and  Ihould  look  from  the  fire  towards  fht  table, 

he 
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he  would  be  ftartled  at  the  appearance;  for  the  PInte 
table  would  feem  to  be  on  fire,  and  by  being  ^VIII. 
near  the  wainfcor,  to  endanger  the  whole  houfe. 
In  this  experiment,  there  iTiould  be  no  light 
in  the  room  but  what  proceeds  from  the  fire  ; 
and  the  mirror  ought  to  be  at  lead  fifteen 
inches  in  diameter. 

If  the  fire  be  darkened  by  a  fcreen,  and  a 
large  candle  be  placed  at  the  backof  thefcreen  j 
a  perfon  (landing  by  the  candle  will  fee  the 
appearance  of  a  fine  large  ftar,  or  rather  planer, 
upon  the  table,  as  bright  as  Venus  or  Jupiter. 
And  if  a  fmall  wax  taper  (whofe  flame  is  much 
lefs  than  the  flame  of  the  candle)  be  placed  near 
the  candle,  a  fatcllite  to  the  planet  will  appear 
on  the  table :  and  if  the  taper  be  moved  round 
the  candle,  the  fatellite  will  go  round  the  planet. 

For  thefe  two  pleafing  experiments,  I  am  in- 
debted to  the  lace  reverend  Dr.  Long,  Lowndes*^ 
profeflTor  of  aftronomy  at  Cambridge,  who  fa- 
voured me  with  the  fight  of  them,  and  many 
more  of  his  curious  inventions. 

In  a  refraSing  telefcopey  a\\^  glafs   which   iSTher#- 
nearefl:  the  objcft  in  viewing  it,  is  called  theA^*^**? 
cbjeS'glafs ;  and  that  which  is  neareft  the  eye,  ''^'^"'  '• 
is  called  tbe  eye-glafi.     The  objeft-glafe  muft 
be  convex,   but  the  cye-glafs   may  be  either 
convex  or  concave:  and  generally,  in  looking 
through  a  tclefcope,  the  eye  is  in  the  focus  ot 
the  cye-glafs  ;  though  that  is  not  very  material : 
for  the  diftancc  of  the  eye,  as  to  diftind  vifion, 
is  indiflfcrent,  provided  the  rays  of  the  pencils 
fall  upon  it  parallel :  only,  the  nearer  the  eye 
is  to  the  end  of  the  tclefcope,  the  larger  is  the 
fcopc  or  area  of  the  field  of  view.  p,-^^  ^ 

Let  f^  be  a  convex-glafs  fixed  in  a  long  tube,    . 
and  have  its  focus  at  E.    Then,  a  pencil  of  rays 
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g  b  ij  flowing  from  the  upper  extremity  jf  of  the 
remote  objeft  A  J3,  v^ill  be  fo  refraded  by  pafllng 
through  the  glafs,  as  to  converge  and  meet  in 
the  point/;  whilft  the  pencil  of  rzys klm  Bow- 
ing from  the  lower  extremity  5,  of  the  fiime  ob- 
je<^  A  Bj  and  pafllng  through  the  glafs,  will  con- 
verge and  meet  in  the  point  e :  and  the  images 
of  the  points  ji  and  fi,  will  be  formed  in  the 
points  /  and  e.  And  as  all  the  intermediate 
points  of  the  objeft,  between  A  and  J?,  fend  out 
pencils  of  rays  in  the  fame  manner,  a  fufficieot 
number  of  thefe  pencils  will  pafs  through  the 
objeA  glafs  c  d^  and  converge  to  as  many  inter- 
mediate points  between  e  and/;  and  fo  will  form 
the  whole  inverted  image  e  E  f^  of  the  diftinft 
objedV.  But  becaufe  this  image  is  fmall,  a  con- 
cave glafs  »  0  is  fo  placed  in  the  end  of  the  tube 
next  the  eye,  that  its  virtual  focus  may  be  at  F. 
And  as  the  rays  of  the  pencils  pafs  converging 
through  the  concave  glafs,  but  converge  lefs  after 
pafllng  through  it  than  before,  they  go  on  fur- 
ther, as  to  b  and  a^  before  they  meet ;  and  the 
pencils  thcmfelves  being  made  to  diverge  by 
pafllng  through  the  concave  glafs,  they  enter  the 
eye,  and  form  the  large  pi<5lure  a  b  upon  the 
retina,  whereon  it  is  magnified  under  the  angle 
bFa.  , 

But  this  relefcope  has  one  inconvenicncy  which 
renders  it  unfit  for  mod  purpofes,  which  is,  that 
the  pencils  of  rays  being  made  to  diverge  by 
pafllng  through  the  concave  glafs  n  Oy  very  few 
of  them  can  enter  the  pupil  of  the  eye  ;  and 
therefore  the  field  of  view  is  but  very  fmall,  as 
is  evident  by  the  figure.  For  none  of  the  pen- 
cils which  flow  either  from  the  top  or  bottom  of 
the  objeft  A  B  can  trntcr  the  pupil  of  the  eye  at 
C,  but  are  all  ilopt  by  falling  upon  the  iris 

*  above 
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above  and  below  the  pupil :  and  therefore,  only 
tbe  middle  part  of  the  objeft  qan  be  feen  when 
the  telefcope  lies  direftly  towards  it,  by  means 
of  thofe  rays  which  proceed  from  the  ipiddle  of 
the  objeft.  So  that  to  fee  the  whole  of  it,  the 
telefcope  muft  be  moved .  upwards  and  down- 
wards, unlefs  the  objcdt  be  very  remote ;  and 
then  it  is  never  feen  diftindtly. 

This  inconvenience  is  remedied  by  fubftitut-  Fig,  5. 
ing  a  convex  eyeglafs,  as  g  b^  in  place  of  the 
concave  one ;  and  fixing  it  fo  in  the  tube,  diat 
its  focus  may  be  coincident  with  the  focus  of  the 
obje6l-glafs  f  i,  as  at  E.  For  then,  the  rays 
of  the  pencils  flowing  from  the  objed  A  B^  and 
paffing  through  the  objeft  glafs  c  d,  will  meet  in 
Ks  focus,  and  form  the  inverted  image  m  E p: 
and  as  the  image  is  formed  in  the  focus  of  the 
eye-ghfs  g  b^  the  rays  of  each  pencil  will  be  pa- 
rallel, after  pafling  through  that  glafs  ;  but  the 
pencils  themfelves  will  crofs  in  its  focus,  on  the 
other  fide,  as  at  i :  and  the  pupil  of  the  eye 
being  in  this  focus,  the  image  will  be  viewed 
through  the  glafs,  under  the  angle  g  e b-,  and 
being  at  £,  it  will  appear  magnified,  ib  as  to  fill 
the  whole  fpace  C  m  ep  D. 

But,  as  this  telefcope  inverts  the  image  with 
refpefi:  to  the  object,  it  gives  an  unpleafant  view 
cyf  terreftrial  objeds  i  and  is  only  fit  for  viewmg 
the  heavenly  bodies,  in  which  we  regard  not  their 
pofition,  becaufe  their  being  inverted  does  not 
appear,  on  account  of  their  being  round.  But 
whatever  way  the  objed  feems  to  move,  this  tele- 
fcope maft  be  moved  the  contrary  way,  in  order 
tolewp  fight  of  it;  for,  fince  the  obj^  is  in- 
verted, its  motion  will  be  fo  toot 

The  magnifying  power  of  this  tdffcope  is, 

08  the  focal  diftance  of  the  objed-gUfs  to  the 

0^2  focal 
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focal  diftance  of  thccye-glafa.    Therefore,  if  tlie 
former  be  divided  by  the  latter,    the  quotieot 

will  exprel's  the  magnifying  power. 

When  we  fpeak  of  magnifying  by  a  tdc' 
fcope  or  microfcope,  it  is  only  meant  with  regard 
to  the  diameter,  not  to  the  area  or  folidity  of  the 
objrtEV,  But  as  the  inftniment  magniBes  the  ver- 
tical diameter,  as  much  as  it  does  the  horizontal, 
it  is  eafy  to  find  how  much  the  whole  viOble  area 
or  furface  is  magnified  :  for,  if  the  diameters  be 
mulripHcd  into  one  another,  the  product  will 
cxprels  the  magnification  o\  the  whole  viGblc 
area.  Thus,  fuppolc  the  focal  diftance  of  the 
objeft-glafs  be  ten  times  as  great  as  the  focal 
diftance  of  the  eye-glafs;  then,  the  objeft  will 
be  magnified  ten  vimes,  both  in  length  and 
breadth:  and  10  multiplied  by  10,  produces 
ICO;  which  flievvs,  that  the  area  of  the  objed 
will  appear  100  times  as  big  when  feen  through 
fuch  a  telefcope,  as  it  does  to  the  bare  eye. 

Hence  it  appears,  that  if  the  focal  diftance  of 
the  eyeghifs,  were  equal  to  the  focal  diftaoce  of 
the  objfCt-glafs,  the  magnifying  power  of  the 
telclbope  would  be  nothing. 

This  telefcope  may  be  made  to  magnify  in  any 
given  degree,  provided  it  be  of  a  fufficicnt 
length.  For,  the  greater  the  focal  diftance  of 
the  objeft-glais,  the  lefs  may  be  the  focal  dif- 
tance of  the  eye-glafs ;  though  not  dircftly  in 
proportion.  Thus,  an  objecft-glafs,  of  10  feet 
focal  diftance,  will  admit  of  an  eye  glafs  whofc 
focal  diftance  is  little  more  than  2i:  inches; 
which  will  magnify  near  48  times  :  but  an  ob- 
jeft-glafs,  of  100  feet  focus,  will  require  an  cyc- 
gials  fomewhat  more  than  6  inches;  and  will 
therefore  magnify  almoft  200  times. 

A  telefcope  for  viewing  terreftrial  obje£ls,fliould 
be  fo  conftrufted,  as  to  (hew  them  in  their  natural 

pofturci 
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pofturc.  And  this  is  done  by  one  objeA-glafsFi^.  6. 
c  d^  and  three  eye-glaflcs  e  f^g  b^  i  k^  fo  placed, 
that  the  diftance  between  any  two,  which  are 
neareft  to  each  other,  may  be  equal  to  the  ium 
of  their  focal  diftances ;  as  in  the  figure,  where 
the  focus  of  the  glaffes  c  d  and  e  f  meet  at  F, 
thofc  of  the  glaffes  ^/and  g  b^  meet  at  /,  and  of 
g  b  and  i  kj  at  m  -,  the  eye  being  at  »,  in  or  near 
the  focus  of  the  eye-glafs  /  k^  on  the  other  fide. 
Then,  it  is  plain,  that  thefe  pencils  of  rays,  which 
'flow  from  the  objeft  A  B^  and  pafs  through 
the  objeft-glafs  c  d^  will  meet  and  form  an  in- 
verted image  C  F  D\t\  the  focus  of  that  glafs ; 
and  the  image  being  alfo  in  the  focus  of  the  giafs 
^/,  the  rays  of  the  pencils  will  become  parallel, 
after  paffmg  through  that  glafs,  and  crofs  at  /, 
in  the  focus  of  the  glafs  e  f\  from  whence  they 
pafs  on  toi  the  next  glafs  g  b^  and  by  going 
through  it  they  are  converged  to  points  in  irs 
other  focus,  where  they  form  an  eredt  image 
E  m  F^  of  the  objeft  A  B  :  and  as  this  image  is 
alfo  in  the  focus  of  the  eye-glafs  i  k^  and  the  eye 
on  the  oppofite  fide  of  the  fame  glafs  ;  the  image 
is  viewed  through  the  eye-jglais  in  this  telefcopc, 
in  the  fame  manner  as  through  the  eye-glafs  in 
the  former  one-,  only  in  a  contrary  pofition, 
that  is,  in  the  fame  pofition  with  the  objeft. 
:  The  three  glaffes  next  the  eye,  have  all  their 
focal  diftances  equal :  and  the  magnifying  power 
of  this  telefcope  is  found  the  fame  way  as  that 
of  the  laft  above;  viz.  by  dividing  the  focal 
diftance  of  the  objeft-glafs  c  dj  by  the  focal 
diftance  of  the  eyeglafs  /  ifc,  or^  A,  or  efy  fince 
all  thefe  three  are  equal. 

When  the  rays  of  light  are  ftparated  by  re- 

fraAion,  they  become  coloured,  and  if  they  be 

united  again,  they  will  be  a  perfedt  white.    But 

0^3  thofc 
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Why  the  thofc  TVj%  which  pafs  through  a  convex  g)A| 
objca  ap.  j^^ar  its  edges  are  more  unequally  rcfraded  thai 
ll^Ttd^  thofe  which  are  nearer  the  middle  of  the  glafcl 
whenfeen  And  when  the  ravs  of  any  pencil  are  unequallf  1 
through  a  refrafted  by  the  glafs,  they  do  not  all  oimc 
tflefcopc.  3gain  jjj  Qpg  and  (h^  fjjing  point,  but  infcpanK 

points;  which  makes  the  image  indiftind>  and! 
coloured,  about  its  edges.     The  remedy  is,  n 
have  a  plate  with  a  fmali  round  hole  in  its  mid- 
die,  fixed  in  the  tube  ativr,  parallel  to  the  glaflci. 
For,  the  wandering  rays  about  the  edges  of  the 
glalles  will  be  ftopt,  by  the  plate,  from  comiog 
to  the  eye  :  and  none  admitted  but  chofe  whia 
come  through  the  middle  of  the  glafs,  or  at  leift 
'at  a  good  diftance  from  its  edges,    and  paft 
through  the  hole  in  the  middle  of  the  plate.    But 
this  circumfcribes  the  image,  and  leflens  the 
field  of  view,  which  would  be  much  larger  if 
the  plate  could  be  difpenfed  with. 
Thcr#-         Th^  great  inconvenience  attending  the  ma- 
tk/<f      nagement  of  long  telcfcopes  of  this  kind,  has 
f  j<9fif    brought  them  much  into  difufe  ever  fince  the 
refieSiing  tele/cope  was  invented.     For  one  of  this 
forty  fix  feet  in  length,  magnifies  as  much  as.  one 
of  the  other  an  hundred.     It  was  invented  by 
Sir  Tfaac  Newton^  but  has  received  confiderable 
improvements  fince  his  time ;  and  is  now  gene- 
rally conftrufted  in  the  following  manner,  which 
was  firft  propofed  by  Dr.  Gregtrj. 
Fig.  7.         At  the  bottom  of  the  great  tube  7  T  TT  i% 
placed  the  large  concave  mirror  D  U  FF^  whofe 
principal  focus  is  at  m  \  and  in  its  middle  is  a 
round  hole  P,  oppofite  to  which  is  placed  the 
fmall   mirror   Z.,    concave   toward    the    great 
one ;  and  fo  fixed  to  a  ftrong  wire  Af,  that  it 
may  be  moved  farther  from  the  great  mirror, 
or  nearer  (o  it,  by  means  of  a  long  fcrew  on  the 
7  out- 
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3  f)^t^lde  of  the  tube,  keeping  its  axis  fijll  in  the 

^  fiune  line  P  mn  with  that  of  the  great  one. — 

^l|ilf^,  i^nce  ia  viewing  a  very  renaote  objed,  we 

9  cam  fcarce  fiee  a  point  of  it  but  what  is  at  leall  as 

i  broad  ^s  the  great  mirror,  we  may  confider  the 

^  nursof  each  pencil,  which  flow  from  every  point 

c    of  the  objedty  to  be  parallel  to  each  other,  and 

to  cover  the  whole  rcflcding  furfacc  DUFF. 

^    But  to  avoid  confuGon  in  the  figure,  we  ihali 

only  draw  two  rays  of  a  pencil  flowing  from. each 

extremity  pf  the  objed  into  the  great  tube,  and 

xrace  their  progrcfs,  through  a)l  their  reflections 

and  ^fractions,  to  the  eye  /,  at  the  end  of  the 

imall  tube  //)  wbi<^  is  joined  to  the  great  one» 

JLet  us  then  fuppole  the  o|:^ed  J  B  to  ifc  ^ 

iuch  a  diftance,  that  the  rays  C  may  flow  froiii 

Its  lower  extremity  B9  and  the  rays  £  from  i9 

upper  extrefnity  J.     Then  the  rays  C  falling 

par4Ud  upon  the  great  xnirror  at  JD,  will   be 

thence   reflcded,  converging  in  the  diredion 

D  G ;  ^d  by  croflTing  at  /  in  the  principal  focua 

of  the  microry  they  will  form  the  upper  extncr 

mity  /of  the  inverted  ima«  /  K^  Cmilfir  to  the 

lower  extremity  B  of  the  objed  4IM :  wd  paf- 

iing  en  to  the  co«>Cjave  mirror  L  (whofe  ^us 

is  at »)  they  will  fall  i^pon  it  at^,  and  be  thence 

refleded^nverging,  intbediredion^  iV,  becaufe 

g  mi&  longer  than  g  M'^  apfi  paffing  through  the 

hole  P  in  the  lar^e  mirror,  they  wo^ld  meet 

ibmewhere  about  r^  an(l  form  the  lower extficmity 

4  oi  the  ered  image  a  d^  fimilar  to  the  lowerex- 

tren^^ty  £  of  the  objcd  AB*     But  by  pfling 

througfi  the  plano-convexrglaft  R  in  their  way, 

they  form  that  extremity  of  the  image  at  ,k. 

In  likemyapi^r,  the.rayS;£,  jwhich  come  from  the 

top  of  the  objed  A  J?,  and  f^U  parallel  upoathc 

great  mirrgr  at  F,  are  thence  jcfl^ded  convrerg- 

0.4  ing 
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ing  to  its  focus,  where  they  form  the  lower  ex- 
tremity K  of  the  inverted  image  /  K^  fimilar  ro 
the  upper  extremity  A  of  the  objeft  A  B  \  and 
'  thence  pafling  on  to  the  fmall  mirror  L,  and 
falling  upon  it  at  b^  they  are  thence  reflcftedia 
the  converging  ftate  b  O ;  and  going  on  through 
the  hole  P  of  the  great  mirror,*  they  will  meet 
fomewhere  about  q^  and  form  there  the  upper 
extremity  a  of  the  ereft  image  a  i,  fimilar  to  the 
upper  extremity  A  of  the  objeft  A  B :  but  by 
pafling  through  the  convex  glafs  R  in  their  way, 
they  meet  and  crofs  fooner,  as  at  a^  where  that 
point  of  the  ereft  image  is  formed. — The  like 
being  underftood  of  all  thofe  rays  which  flow 
from  the  intermediate  points  of  the  objeft,  be- 
tween A  and  5,  and  enter  the  tube  T  T%  all  the 
intermediate  points  of  the  image  between  a  and 
h  will  be  formed  :  and  the  rays  paflUng  on  from 
the  image  through  the  eye-glafs  5,  and  through 
a  fmall  hole  e  in  the  end  of  the  leflfer  tube  /  /, 
they  enter  the  eye  /,  which  fees  the  image  a  d 
(by  means  of  the  eye-glafs)  under  the  large 
angle  c  e  d^  and  magnified  in  length,  under  that 
angle  from  c  to  d. 

In  the  bcfl:  reflefting  telefcopes,  the  focus  of 
the  fmall  mirror  is  never  coincident  with  the 
focus  m  of  the  great  one,  where  the  firft  image 
IK  is  formed,  but  a  little  beyond  it  (with  refpeft 
to  the  eye)  as  at  n:  the  confequence  of  which  is, 
that  the  rays  of  the  pencils  will  not  be  parallel 
after  refleftion  from  the  fmall  mirror,  but  con- 
verge fo  as  to  meet  in  points  about  y,  f,  r  ;  where 
they  will  form  a  larger  upright  image  than  a  </, 
if  the  glafs  R  was  not  in  their  way  :  and  this 
image  might  be  viewed  by  means  of  a  fingfc 
eye-glafs  properly  placed  between  the  image 
and  the  eye :  but  then  the  field  of  view  would  be 
^     •  Icfs, 
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.^cfs,  and  confequently  not  fo  pleafant ;  for  which 
fcjeafon,  the  glafs  R  is  ftill  retained,  to  enlarge 
>  the  fcope  or  area  of  the  field. 

To  find  the  magnifying  power  of  this  tele- 
fcope,  multiply  the  focal  diftance  of  the  great 
mirror  by  the  diftance  of  the  fmall  mirror  from 
the  image  next  the  eye,  and  multiply  the  focal 
diftance  of  the  fmall  mirror  by  the  focal  dif- 
tance of  the  eye-glafs  :  then,  divide  the  pro-- 
duft  of  the  former  multiplication  by  the  pro- 
du6l  of  the  latter,  and  the  quotient  will  cxprefs 
the  magnifying  power. 

I  ftiall  here  fet  down  the  dimenfions  of  one  of 
Mr.  Shorts  reflefting  telefcopes,  as  defcribed  in 
Dr.  Smitbh  Optics. 

The  focal  diftance  of  the  great  mirror  9.5 
inches,  its  breadth  2.3  ;  the  focal  diftance  of  the 
fmall  mirror  1.5,  its  breadth  0.6:  the  breadth 
of  the  hole  in  the  great  mirror  0.5  ;  the  di/lapce 
between  the  fmall  mirror  and  the  next  eye-glafs 
14.2  ;  the  diftance  between  the  two  eyc-glaffes 
2.4 ;  the  focal  diftance  of  the  eye-glafs  next  the 
hietals'3.8  ;  and  the  focal  diftance  of  the  eye- 
glafs  next  the  eye  i.i. 

One  great  advantage  of  the  reflefting  tele- 
fcopc  is,  jhat  it  will  admit  of  an  eye-glafe  of  a 
much  (horter  focal  diftance  than  a  refrafting 
telefcope  will  \  and,  confequently,  it  will  mag- 
nify fo  much  the  more :  for  the  rays  are  not 
coloprcd  by  rcflcftion  from  a  concave  mirror, 
if  it  be  ground  to  a  true  figure,  as  they  are  by 
palfing  through  a  convex-glafs,  let  it  be  ground 
ever  fo  true. 

The  adjufting  fcrew  on  the  outfide  of  the 
great  tube  fits  this  telefcope  to  all  forts  of  eyes, 
by  bringing  the  fmall  mirror  either  nearer  to 
the  eye,  or  lemoving  it  farther:    by  which 

means. 
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meus,  the  rays  are  n^ade  to  di\rerge  a  littk  fbr  ^ 
fl)Oit-(]ghied  eyeS}  or  to  converge  lor  tbofc  of  i 
long  fight. 

The  nearer  an  objeft  is  to  the  telelcope,  the 
more  its  pencils  of  rays  will  diverge  before  thcf 
fall  upon  the  great  mirror,  and  therefore  they 
will  be  the  longer  of  rreeting  in  points  after  re- 
flexion ;  fo  that  the  firft  image  1  K  will  be 
formed  at  a  greater  diftance  from  the  large  mir- 
ror,  when  the  objed  is  near  the  telefcope,  than 
when  it  is  very  remote.  But  as  this  imagjc  mull 
be  formed  farther  from  the  fmall  mirror  than 
its  principal  focus  riy  this  mirror  mufl  be  sdyvajs 
fee  at  a  greater  diftance  from  the  large  one,  ia 
viewing  near  objefts,  than  in  viewing  remote 
ones.  And  this  is  done  by  turning  the  fcrew  on 
the  outfic^e  of  the  tube,  until  the  fmall  mirror 
be  fo  adjuiled»  that  tlie  objed  (or  rather  its 
image)  appears  perfcft. 

In  looking  through  any  tclefcope  towards  an 
objeA,  we  never  fee  the  objedt  itfelf,  but  only 
that  image  of  it  which  is  formed  next  the  eye  in 
the  telefcope.  For,  if  a  man  holds  his  finger  or  a 
ftick  between  his  bare  eye  and  an  objeA,  it  will 
hide  part  (if  not  the  whple)  of  the  objedl  from 
his  view.  But  if  he  ties  a  {lick  acrofs  themoi^tb 
of  a  tclefcope,  before  the  ol  ject-glafs,  it  will  hide 
00  pa^t  Qf  the  imaginary  objed  he  faw  thrpjugh 
the  tclefcope  before,  ua^{s  it  covers  the  whple 
mguth  of  the  tube :  for,  all  the  eifed  willbe,  tp 
make  the  objedb  appear  dimmer,  becaufe  it  in- 
tercepts part  of  the  rays.  Whereas^  if  he  puts 
only  a  piece  of  wire  acrofs  the  infide  of  the  tube, , 
between  the  e^e-gla(s  atid  his  eye,  it  will  hide 
part  of  the  objeift  which  he  thinks  he  fees :  which 
proves  that  he  fees,  not  the  seal  objed,  l^t  up 
loiagc*    This  is  alio  a>nfirmed  by  means  of  U^ 

fmaU 
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fmall  mirror  L,  in  the  rcfk&iog  telefcope,  which 
is  tnade  of  opake  metal,  and  ftands  diredUy  be- 
tween the  eye  and  the  object  towards  whieh  the 
-cdefcope  is  turned ;  and  will  hide  the  whole  ob- 
.jtSt  from  the  eye  at  f,  if  the  two  glafles  R  and 
Is  are  tjk«n  out  of  the  tube.  • 

The  multiplying  glais  is  made  by  grinding  pjat^xiX. 
down  the  round  fide  bikofz  convex  glafs  /l^B  Fig.  i. 
into  fcveral  flatfurfaces,  ^hb^bld^dk.  An  ob-  Thciwir/. 
jcd  C  will  not  appear  magnified,  when  fecn  ^'f^^^' 
through  this  glafs,  by  the  eye  at  //•,  but  it  wiU^  "^'^ 
appear  multiplied  into  as  many  different  objeds 
as  the  glafs  contains  plane  furfaces.  For,  fince 
rays  will  flow  from  the  objedt  C  to  a)l  pares  of 
the  glafs,  and  each  plane  furface  will  refrad  the& 
rays  to  the  eye,  the  fame  objed  will  appear  to 
the  eye,  in  the  direction  of  the  rays  which.enter 
it  through  each  furface.  Thus,  a  ray  g  i  Uf 
falling  perpendicularly  on  the  middle  furface 
will  go  through  the  glafs  to  the  eye  without  fuf- 
fcring  any  refradion ;  and  will 'therefore  (hew 
the  cbjed  in  its  true  place. at  C :  whilftaray  at 
flowing  from  the  fame  objed,  and  falling  ob* 
liqucly  on  the  plane  fur£ace  i  b^  will  be  refradcd 
in  the  diredion  b  e,  by  pafling  through  the  plals  \ 
and  upon  leaving  it,  will  go  on  to  the  eye  mthe 
diredion  e  H\  which  will  cauie  the  iame  objad 
C  to  appear  alfo  at  £,  in  the  diredion  of  the  ray 
Hiy  produced  in  the  right  line  Hen.  '  And  the 
ny  c  dj  flowing  from  the  objed  C,  and  falling 
obliquely  on  the  plane  furface  d  k^  will  be  refrad- 
cd (by  pafllng  through  the  glafs  and  leaving  jt 
at/j  to  the  eye  at  H\  which  will  caufe  the  Tmm 
objed  CO  appear  at  D,  in  the  diredion  Hfm."^ 
If  the  glafs  be  turned  round  the  hue  glH^  M 
an  axis,  the  objed  C  will  keep -its  pl^ce,beGay(e 
the  furface  b  I d  is  not  removed*,  but  all  the 

other 
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other  objeds  will  icem  to  go  round  C|  beao 
the  oblique  planes,  on  which  the  rays  a  b^  ti 
fall,  will  go  round  by  the  turning  of  the  glaS,' 
The  camera  olifiura  is  made  by  a  convex  gla&j 

Fig^  2*     C  Z),    placed  in    a  hole  of  a  window- fhuttcr. 

meracb^    Then^  if  the  room  be  darkened  fo  as  no  light! 

fcura.  can  enter  but  what  comes  through  thegkfs,  the 
piftures  of  all  the  objefts  (as  fietds^  trees,  build- 
ings, men,  cattk\  &c,)  on  the  oucfide,  will  be 
flicwn  in  an  inverted  order,  on  a  white  paper 
'  placed  at  G  H  in  the  focus  of  the  glarsj  and 
will  afford  a  mofl  beautiful  and  perfect  piece  ot 
perfpeftive  or  landfcape  of  whatever  is  befoie 
the  glafs;  efpecially  if  the  fun  fhints  uponihe 
objects* 

If  the  convex  glafs  C  D  be  placed  in  a  tube  in 
the  fide  of  a  fquare  box,  within  which  is  the 
plane  mirror  E  F,  reclining  backwards  in  aa 
angle  of  45  degrees  from  the  perpendicular  k  y, 
the  pencils  of  rays  flowing  from  the  outward  ob- 
jeds,  and  pafiing  through  the  convex  glafs  to 
the  plane  mirror,  will  be  rcfledted  upwards  from 
it,  and  meet  in  points,  as  /and  K  (at  the  fame 
ditlance  that  they  would  have  meet  at  H  and 
G,  if  the  mirror  had  not  been  in  the  way)  and 
will  form  the  aforefaid  images  on  an  oiled  paper 
ftretched  horizontally  in  the  diredion /if-,  on 
which  paper,  the  out-lines  of  the  images  may 
be  eafily  drawn  with  a  black  lead  pencil  5  and 
then  copied  on  a  clean  (heet,  and  coloured  by 
art,  as  the  objt-fts  themfclves  are  by  nature. — 
In  this  machine,  it  is  ufual  to  place  a  plane  glals, 
unpolifhed,  in  the  horizontal  lituaiion  IK^  which 
glafs  receives  the  images  of  the  outward  objefts ; 
and  their  outlines  may  be  traced  upon  it  by  a 
black-lead  pencil. 

3  N.  B. 
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N.  B.  The  tube  in  which  the  convex  glafs 
C  D  is' fixed,  muft  be  made  to  draw  out,  or  pu(h 
in,  fo  as  to  adjuft  the  diftance  of  that  glafs  from 
the  plane  mirror,  in  proportion  to  the  diftance 
of  the  outward  objects ;  which  the  operator  does, 
until  he  fees  their  images  diftinftly  painted  on 
the  horizontal  glafs  zt  I K. 

The  forming  a  horizontal  image,  as  IK,  of  an 
upright  objeft  JB,  depends  upon  the  angles  of 
incidence  of  the  rays  upon  the  plane  mirror  E  F, 
being  equal  to  their  angles  of  refledtion  from 
it.  For,  if  a  perpendicular  be  fuppofed  to  be 
drawn  to  the  furface  of  the  plane  mirror  at  e^ 
where  the  ray  A aCe  falls  upon  it,  that  ray  will 
be  refledled  upwards  in  an  equal  angle  with  the 
other  fide  of  the  perpendicular,  in  the  line  e  d  L 
Again,  if  a  perpendicular  be  drawn  to  the  mir- 
ror from  the  point  /,  where  the  rzy  Ab  f  falls 
upon  it,  that  ray  will  be  refledted  in  an  equal 
angle  from  the  other  fide  of  the  perpendicular,  in 
the  line /ife  /.  And  if  a  perpendicular  be  drawn 
from  the  pointy,  where  the  ray  A  eg  falls  upon 
the  mirror,  that  ray  will  be  rcflcftcd  in  an  equal 
angle  from  the  other  fide  of  thp  perpendicular, 
in  the  line  g  i  L  So  that  all  the  rays  of  the  pencil 
a  b  c^  flowing  from  the  upper  extremity  of  the 
objeft  AB^  and  pafllng  through  the  convex  glafs 
C  2),  to  the  plane  mirror  E  F,  will  be  reflected, 
from  the  mirror  and  meet  at  /,  where  they  will 
form  the  extremity  /  of  the  image  I K^  fimilar 
to*  the  extremity  A  of  the  objcd  A  B.  The 
like  is  to  be  underfl:ood  of  the  pencil  qr  s^  flow- 
ing from  the  lower  extremity  of  the  objeft  A  5, 
and  meeting  at  K  (after  reflcdlion  from  the  plane 
mirror)  the  rays  form  the  extremity  K  of  tho 
image,  fimilar  to  the  extremity  B  of  the  objeft  : 
and  fo  of  all  the  pencils  that  flow  from  the  in- 
termediate 
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termed iate  points  of  the  object  to  the  minori 

through  the  convex  glafs. 

The  If  a  convex  glafs,  of  a  fhort  focal  diftance,  be 

^*-       placed  near  the  plane  mirror^  in  the  end  of  a 

t^'*       fhort  tybc,  and  a  convex  glafs  be  placed  in  a 

hole  in  the  fide  of  the  tube,  fo  as  the  image  may 

be  f()rn)ed  becween  the  iaft-mennoned  convex 

glafs,  and  the  plane  mirror,  the  image  being 

viewed  through  this  glafs  will  appear  magnified, 

—In  this  manner  the  opera-glajjes  are  conftrufi- 

cd ;  with  which  a  gentleman  may  look  at  any 

lady  at  a  diftance  in  the  company,  and  the  lady 

know  nothing  of  it. 

The  image  of  any  objeft  that  is  placed  before 
The  cotr.  a  plane  mirror,  appears  as  big  to  the  eye  as  the 

r^'^Sf'  ^'^J^^  '^^^'^'  ^"^  '^  ^^^^'  diltinfl:,  and  fceming- 
''^^  ly  as  far  behind  the  mirror,,  as  theobjeft  is  be- 
fore it :  and  that  part  of  the  mirror,  which 
reflefts  the  image  of  the  objeft  to  the  eye  (the 
eye  being  fuppoied  equally  dillant  from  the  glafs 
with  the  objeft)  is  juft  half  as  long  and  half  as 
F'2-  3-  broad  as  the  objecft  iifelf.  Let  A  Bbt^n  ob- 
jeft  placed  before  the  rcflefting  furface^  b  i  of 
the  plane  mirror  C  D ;  and  let  the  eye  be  at  o. 
Let  yf  A  be  a  ray  of  li"  ht  flowing  from  the  top 
A  of  the  object,  and  falling  upon  the  mirror  at 
b  :  and  b  m  be  a  perpendicular  to  the  furface  of 
the  mirror  at  b ,  the  ray  A  b  will  be  reflefted 
from  the  mirror  to  the  eye  at  ^,  making  an 
angle  m  b  o  equal  to  the  angle  A  b  m :  then  wiH 
the  top  of  the  image  E  appear  co  the  eye  in  the 
dircdion  of  the  reflefted  ray  o  b  produced  lo  JB, 
where  the  right  line  Ap  Ey  from  the  cop  of  the 
objcft,  cuts  the  right  line  o  b  E,  2ii  £.  Let  B  i 
be  a  ray  of  light  proceeding  from  the  foot  of  the 
objeft  at  B  to  the  mirror  at  /,  and  n  i  a  per- 
pendicular   to    the  mirror  from  the  point  /, 

where 
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I  vrhcre  the  ray  5  /  falls  upon  it :  this  ray  will  be 
reflefied  in  the  line  1  c^  making  an  angle  n  i  0^ 
f  equal  to  the  angle  B  i  »,  with  that  perpendi- 
f.  cular,  and  entering  the  eye  at  0  :*then  will  the 
foot  F  of  the  image  appear  in  the  direflion  of 
'  the  reflefked  ray  0  1,  produced  to  F,  where  the 
right  line  B  F  cuts  the  reflcfted  ray  produced  to 
F.     All  the  other  rays  that  flow  from  the  inter- 
mediate points  of  the  objeft  A  B^  and  fall  upon 
the  mirror  between  b  and  /    will  be  refledcd  to 
the  eye  at  0  \  and  all  the  intermediate  points  of 
tKe  image  E  F  will  appear  to  the  eye  in  the  di- 
rdSionrline  of  thefe  reflcdcd   rays   produced* 
Biit  all  the  rays  that  flow  from  the  objed,  and 
fall  upon  the  mirror  above  b^  will  be  rcflefted 
back  above  the  eye  at  0  \  and  all  the  rays  that 
flow  from  the  objeft,  and  fall  upon  the  mirror 
below  I,  will  be  refleded  back  below  the  eye  at 
o:  fo  that  none  of  the  rays  that  fall  above  b^  or 
below  iy  can  be  refle6ted  to  the  eye  at  0 ;  and 
the  diftance  between  i^  and  1  is  equal  to  half  the 
length  of  the  bbjed  A  B. 

Hence  it  appears,  that  if  a  man  fee  his  whole  A  man 
linage  in  a  plane  lookihgglafs,  the  part  of  the  ^^^^  ^^ 
^lafs  that  rcflei^s  his  image  muft  be  juft  half  as  jjJ^J™^^ 
long  and  half  as  broad  as  hiqifelf,  let  him  ftand  iooklng^^ 
at  any  diftance  from  it  whatever ;  and  that  his  glafs,  that 
imajge  muft  appear  juft  as  far  behind  the  glafs  as  ^^  ^^^ , 
he  is  before  it.     Thus,  the  man  >^  5  viewing  J^5^*'" 
himfelf  in  the  plane  mirror  C  D,  which  is  juft  pig.  4, 
half  as  long  as  himfelf,  fees  his  whole  image  as 
at  E  F,  behind  the  glafs,  exafbly  equal  to  his 
own  fize.     For,  a  ray  yf  C  proceeding  from  his 
eye  at  A9  and  falling  perpendicularly  upon  the 
furface  of  the  glafs  at  C,  is  reflected  back  to  his 
eye  in  the  fame  line  C  A  -,  and  the  eye  of  his 
image  will  appear  at  £,  in  the  ianie  line  pro- 

duce4 
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duced  to  £,  beyond  the  glafs.  And  zvzj  BUi 
flowing  from  his  foot,  and  falling  obliquely  on 
the  glafs  at  D,  will  be  reflefted  as  obliquely  on 
the  other  fide  of  the  perpendicular  a  b  D^in  the 
diredion  D  A\  and  the  foot  of  his  image  will 
appear  at  F,  in  the  direftion  of  the  rcflcftcd  ray 
AD^  produced  to  F,  where  it  is  cut  by  the  right 
line  BG  Fy  drawn  parallel  to  the  right  line  ACE. 
Juft  the  fame  as  if  the  glafs  were  taken  away, 
and  a  real  man  ftood  at  F,  equal  in  fize  to  the 
man  (landing  at  B  :  for  to  his  eye  at  >/,  the  eye 
of  the  other  man  at  E  would  be  feen  in  the  di- 
reftion  of  the  line  A  C  E\  and  the  foot  of  the 
man  at  F  would  be  fcen  by  the  eye  A^  in  the 
diredion  of  the  line  A  D  F. 

If  the  glafs  be  brought  nearer  the  man  A  5, 
#  as  fuppoie  to  c  b^  he  will  fee  his  image  as  at 

CDC:  for  the  reflefled  ray  C  A  (being  perpen- 
dicular to  the  glafs)  will  (hew  the  eye  of  the 
image  as  at  C;  and  the  incident  ray  B  bj  being 
reflefted  in  the  line  b  Ay  will  (hew  the  foot  of  his 
image  as  at  G ;  the  angle  of  rcfledion  a  b  A  being 
always  equal  to  the  angle  of  incidence  Bba: 
and  fo  of  all  the  intermediate  rays  from  A  to  5. 
Hence,  if  the  man  A  B  advances  towards  the 
glafs  C  D,  his  image  will  approach  towards  it; 
and  if  he  recedes  from  the  glafs,  his  image  will 
alfo  recede  from  it. 

Having  already  (hewn,  that  the  rays  of  light 
are  rcfradled  when  they  pafs  obliquely  through 
different  mediums,  we  come  now  to  prove  that 
fome  rays  are  more  refrangible  than  others  ;  and 
that,  as  they  are  differently  refraded,  they  ex- 
cite in  our  minds  the  ideas  of  different  colours. 
This  will  account  for  the  colours  feen  about  the 
edges  of  the  images  of  thofe  obje£ts  which  are 
viewed  through  fome  telefcopcs. 

Let 
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SLct  the  fun  (bine  into  a  darjc  rpom  through^  Fig.  5. 
jiall  hole,  as  at  e  e^  in  a  window-lhuttcr ;  and 
^lace  a  triangular  prifm  BC  in  the  beam  of  rays 
.^  in  fuch  a  manner,  that  the  beam  may  fall  ob- 
.^iauely  on  one  of  the  fides  abC  of  the  prifm. 
Tnc  rays  will  fufFer  difFerept  refraftions  by  pa(^  The 
ling  through  the  prifm,  fo  that  inftcad  of  going /'"i/^- 
all  out  of  it  on  the  fide  dcQ  in  one  diredion^ 
^hey  will  go  on  from  it  in  the  different  direftion« 
ycprefentcd  by  the  lines/,  g^  by  /,  k^  htn^ni  an4 
falling  upon  the  oppofite  fide  of  the  room,  or 
ion  white  paper  placed  as  at  p  9  to  receive  them, 
the^  will  paint  upon  it  a  feries  of  mod  beautiful 
lively  colours  'not  to  be  equalled  by  zxi)  in  this  The  re- 
order, viz  thofe  rays  which  arc  lead  refradlcd  by  ^/''V^ 
the  prifm,  and  will  therefore  go  on  between  the ' '  '^ 
lines  h  and  m,  will  be  of  a  very  bright  intenfe 
red  at  ^,  degenerating  from  thence  gradually 
into  an  orange  colour,  as  they  are  nearer  the  line 
tn :  the  next  will  be  of  a  fine  orange  colour  at 
nij  and  from  thence  degenerate  into  a  yellow  co- 
ntour towards  /:  at  /  they  will  be  of  a  fine  yellow, 
which  will  incline  towards  a  green,  more  and 
more,  as  they  are  nearer  and  nearer  k:  at  ^  they 
.will  be  a  pure  green,  but  from  thence  towards  1 
they  will  incline  gradually  to  a  blue :  at  i  they 
will  be  a  perfed  blue,  inclining  to  an  indigo  co- 
lour from  thence  towards  i^ ;  at  i&  they  will  be 
quite  the  colour  of  indigo,  which  will  gradually 
change  towards  a  violet,  the  nearer  they  are  to 
g :  and  at  g  they  will  be  of  a  fine  violet  colour, 
which  will  incline  gradually  to  a  red  as  they 
come  nearer  to  /,   where  the  coloured  image 
ends. 

There  b  not  an  equal  quantity  of  rays  in  each 

of  tbefe  colours  \  for^  if  the  oblong  ipage  p  ^ 

be  divided  into  360  equal  parts,  ,^<$tred  fpace 

R  *     '     /J  will 
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]r  wHl  take  up  45  of  thefc  parts :  the  eradge 
?7j  the  yellow  JT^  48-,  the  green  C,  60 ; 
blue  By,  60  i  the  indigo  /,  40 ;  and  the  viokt 
80  '9  all  which  fpaces  are  as  nearly  proportiooed 
the  figure  as  the  fmall  fpace  j  ^  would  admit  o£ 
If  all  tbefe  colour^  be  blended  together  ami 
they  will  make  a  pqre  white ;  as  is  proved  UA 
Take  away  the  paper  on  which  the  colours/| 
fell,  and  pUce  a  large  convex  g^afs  D  in  the  njj 
/«;« ^*  &c.  which  will  refradb  theni  io,  as  to  mik 
theai  unite  and  crofs  each  other  ztff^:  where,  if  1 
white  paper  be  placed  to  receive  them,  they  wffl 
'    excite  (he  idea  of  a  (Irong  lively  whitc^     But  if 
the  paper  be  placed  farther  from  the  glafs,  as  & 
rj^  the  different  colours  will  appear  again  upon 
it,  in  an  inverted  order,  occanoned  by  the  rays 
croffing  at  /F. 

As  white  is  a  compoiition  of  all  colours,  lb 
black  is  a  privation  ot  them  all,  and,  therefore, 
properly  no  colour, 
-y.  ^  Let  two  concentric  circles  be  drawn  on  a 
^*^'  ^'  fmooth  round  board  ABCDE FC^  and  die 
outermoft  of  them  divided  into  360  equal  parts 
or  degrees:  then,  draw  fcven  right  lines,  as  o  A^ 

0  B^  &c.  from  the  center  to  the  oufermoft  circle; 
making  the  lines  O  J  and  O  B  include  80  de- 
grees of  that  circle  ;  the  lines  G  £  and  O  C  40 
degrees  5  c  C  and  o  Z)  60;  0  D  and  O  E6q\ 
0£andO/''4S;  o  FandO  G27J  ©CandOyf 
45.  Then,  between  thefe  two  circles,  paint  the 
fpace  AG  red,  inclining  to  orange  near  G;  QF 
orange,  inclining  to  yellow  near  F\  F  E  yellow, 
inclining  to  green  near  E\  £D^rceh,  inclining 
to  blue  near  D\  D  C  blue,  inclining  to  indigo 
near  C\  CB  indigo,  inclining  to  viplct  near 5 j 
and  B  A  violet,  inclining  to  a  foft  fed  near  A* 

1  his  done,  paint  all  that  part  of  the  board  black 

6  which 
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^hidi  lici  within  the  inner  circle;  and  putting  Allt^e 
an  axis  through  the  center  of  the  board^^  let  it  pr|<*ma:ic 
be  turned  very  fwiftly  round  that  axis,  fo  as  the  y|!^j"j 
rays  proceeding  from  the  above  colours,  may  be  together, 

'^1  blended  and  mixed  together  in  coming  to  make  a  ' 
the  eye;  and  then,  the  whole  coloured  part  will  «^*»^t^* 

^appear  like  a  white  ring,  a  little  greyilk;  not 

« perfedUy  ^hi^,  becaufe  oo  colours  prepared  by 
art  are  periica. 

Any  of  tbefe  colours,  except  red  and  violet^ 
may  be  made  by  mixing  together  the  two  con- 

V  tiguoos  prilmatic  colours.   Thus,  yellow  is  made 
by  mixing  together  a  due  propordon  of  orange 

^  and  green  ;  and  green  may  be  made  by.  a  mix- 

'  ture  of  yellow  and  blue. 

All  bodies  appear  of  that  colour,  whofe  rays 
they  refieft  mofl: }  as  a  body  appears  red  when 
it  reflcSs  moll  of  the  red*  making  rays^  and  ab- 
forbs  the  reft. 

Any  two  or  more  colours  that  are  quite  tranf-  Traofpi* 
parent  by  tfaemfelvea^  become  opake  when  put  ^^^  ^o- 
fiogcthen    Thus,  if  water  or  fpirits  of  wine  be  ^^^  ^* 
tinged  red,  and  put  in  a  phial,  every  obgeft  ieeh  ^pai^e  if 
through  it  will  appear  red  ;  becaufe  it  lets  only  pnt  to. 

'  the  red  rays  pafs  through  it,  and  ftops  all  the  E^her. 
Ireft.  If  water  or  fpirits  be  tinged  blue,  and  put 
in  a  phial,  all  objefts  feen  through  it  will  appear 
blue,  becaufe  it  tranfmits  only  the  blue  rays,  and 
ftops  all  the  reft.  But  if  thefe  two  phials  are 
held  dole  together,  fo  as  both  of  them  may  be 
between  the  eye  and  objeA,  the  objc£b  will  no 
more  be  ften  through  them  tl»an  through  a  plate 

'^df  metal;  for  whatever  rays  are  tranfmittcd 
thfougb  the  fluid  in  the  phial  next  th&  objed, 
are  ftopp^  by  that  in  the  phial  next  the  eye. 
In  thid  Uperiment,  the  phials  ought  not  to  be 
rounds  but  (quare^  becaufe  nothing  tut  the 
R  2  ligh^ 
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light  itfelf  can  be  fcen  through  a  round  XxwSf 
parent  body,  at  any  diftance. 

As  the  rays  of  light  fuflfer  dificrent  d^;recs 
of  refraftion  by  paffing  obliquely  through  i 
prifm,  or  through  a  convex  glafs,  and  are  thereby 
feparated  into  all  the  feven  original  or  primary 
colours ;  fo  they  alfo  fuffer  different  degrees  oif 
refra£tion  by  pafTing  through  drops  of  falling 
rain;  and  then,  being  reflected  towards  the  eye, 
from  the  fides  of  thcfe  drops  which  are  fanheft 
from  the  eye,  and  again  refracted  by  paffing  out 
of  thefe  drops  into  the  air,  in  which  refraded 
directions  they  come  to  the  eye  ;  they  make  all 
the  colours  to  appear  in  the  form  of  a  fine  arch 
in  the  heavens,  which  is  called  the  rmn-hm. 

There  are  always  two  rain-bows  fcen  together, 
the  interior  of  which  is  formed  by  the  rays  ai^ 
which  falling  upon  the  upper  part  h^  of  the  drop 
Fig.  7.  bcd^  are  refracled  into  the  line  ^f  as  they  enter 
the  drop,  and  are  refleded  from  the  back  of  it  at 
c^  in  the  line  c  d,  and  then,  by  pafline  out  of  the 
drop  into  air,they  are  again  refra£ted  at  J;  and 
from  thence  they  pafs  on  to  the  eye  at  e :  fo  that 
to  form  the  interior  bow,  the  rays  fuflfer  two  re- 
fractions,  as  at  b  and  d  ^  and  one  refle£kion,  as 
at  c. 

The  exterior  bow  is  formed  by  rays  which 
fuffer  two  refleftions,  and  two  .refractions; 
which  is  the  occaflon  of  its  being  le(s  vivid  than 
the  interior,  and  alfo  of  its  colours  being  invert* 
ed  with  refpcft  to  ihofe  of  the  interior*  For, 
when  a  ray  tf  ^  falls  upon  the  lower  part  of  the 
Fig.  8.  drop  b  cde^  it  is  refradled  into  the  direftion  be 
by  entering  the  drop;  and  paffing  on  CD  the 
back  of  the  drop  at  r,  it  is  thence  refledcd  in  the 
line  c  i,  in  which  direftion  it  is  impoffible  for  it 
to  enter  the  eye  at/:  but  by  being  again  re- 

flefted 
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^efted  from  the  point  d  of  the  drop,  it  goes  on  in 
the  drop  to  r,  where  it  pafles  out  of  the  drop  into 
the  air,  and  is  there  refracted  downward  to  the 

;eye,  in  the  direAion  ef. 

■ 

L  E  C  T.    VIII.  AND  IX. 

The  defcription  and  ufe  of  the  globes^  and  armiU 
laryfphere. 

TF  a  map  of  the  world  be  accurately  delineated  The  ter- 
•*•  on  a  ipherical  ball,   the  furface  thereof  will  reftrial 
rrorefent  the  furface  of  the  earth :  for  the  higheft  ^'^^'' 
hills  are  fo  inconfiderable  with  refpedt  to  the  bulk 
of  the  earth,  that  they  take  off  no  more  from  its 
roundnefs«   than  grains  of  fand  do  from  the 
roundnefs  of  a  common  globe  ^  for  the  diameter 
of  the  earth  is  8000  miles  in  round  numbers, 
and  no  known  hill  upon  it  is  three  miles  in  per- 
pendicular height. 

That  the  earth  is  fpherical,  or  round  like  a  Proof  of  ^ 
globe,  appears,    i.  From  its  calling  a  round  J^^^"^^**'^ 
Ihadow  upon  the  moon,  whatever  fide  be  turned  g^bular. 
towards  her  when  Ihe  is  eclipfed.     2.  From  its 
having  been  failed  round  by  feveral  perfons. 
3.  From  our  feeing  the  farther,  the  higher  we 
ftand.    4.  From  our  feeing  the  mafts  of  a  (hip, 
whilft  the  hull  is  hid  by  the  convexity  of  the 
water.  A^j  ^hat 

The  attradtivc  power  of  the  earth  draws  all  it  may  be 
terreftrial  bodies  towards  its  center  5  as  is  evi-  people  ^^ 
dent  from  thf  dcfcent  of  bodies  in  lines  per-  ^"thout'^* 
pendicular  to  the  earth's  furface,  at  the  places  any  oni's 
whereon  they  fall ;  even  when  they  are  thrown  being  ir^ 
oflf  from  the  earth  on  oppofite  fides,  and  con-  ^^"8^**^ 
fequently,  in  oppofite  dire^ions.  So  .that  the  ^ay"^om 
R  3  earth  ;t. 
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earth  may  be  compared  to  a  greac  magoet  roUc4 
in  filings  of  fteel,  which  attrads  and  keeps  tbcn 
equally  faft  to  its  furface  on  aU  fides.  He^cc, 
as  all  terrcftrial  bodies  are  attra^ed  toward  cbe 
earth*s  center,  they  can  be  in  no  danger  of  fall- 
ing from  any  fide  of  the  earth,  more  than  from 
any  other. 

The  heaven  or  flcy  furrounds  the  whole  earth: 
L>  and  and  when  we  fpeak  of  up  or  dcwn^  we  mean 
'^o^f»  only  with  regard  to  ourfelves ;  for  no  point, 
either  in  the  heaven,  or  on  the  furface  of  the 
earth,  is  above  or  ielo^^  but  o»ly  with  refpeft 
to  ourfclves.  And  let  us  be  upon  what  part  of 
the  earth  we  will,  we  ftand  with  our  feet  to- 
wards its  center,  and  our  heads  towards  the  iky : 
and  fo  we  fay,  it  is  up  towards  the  fky»  and  dtwu 
toward  the  center  of  the  earth. 

To  an  obferver  placed  any  where  io  the  in* 

All  ob-      definite  fpace,  where  there  is  nothing  to  limit 

^tfV"      ^^^  view,    all   remote  objects  appear  equally 

If n  ap^      diftant  from  him ;  and  feem  to  be  placed  in  a 

pw  c-      vail  concave  fphcre,   of  which  his  eye  is  the 

quaiiy       center.      Every   aftronomer  can   demonfirate, 

diOant.      fhj^^  ^he  moon  is  much  nearer  to  us  than  the  fan 

is  V    that  feme  of  the  planets  are  fometimes 

nearer  to  us,  and  fometimes  farther  from  us, 

than  the  fun  ;  that  others  of  rhem  never  come  fo 

near  us  as  the  fun  always  is ;  that  the  remoceft 

planet  in  our  fyftem,    is   beyond  comparilOD 

nearer  lo  us  than  any  of  the  fixed  ftars  arc  j  and 

that  it  is  highly  probable  foiue  ftars  are,  in  a 

manner,   infinitely  more  diftant  from  us  than 

others ;   and  yet  all  thefe  celeftial  objefts  ap- 

The  face  j?^^^  equally  diftant  from  us.     Therefore^  if  wc 

of  the       imagine  a  large  hollow  fpherc  of  glafs  to  have 

heavch      as  many  bright  ituds  fixed  to  its  infide,  as 

andear:b  jh^^^  arc  ftars  vifiblc  in  the  hwven,  and  thefe 

■■'    '  ftuds 
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^|ftuds  to  l^e  of  different  magnitudes,  and  placed  reprefenu 
li^  the  fame  angular  diftances  from  each  <^^her^J^j^f 

SI  ^M  the  ftars  are ;  the  fphere  will  be  a  true  re* 
i^fencation  of  the  ftarry  heaven,  to  an  eye  fup- 

:^£ofed  to  be  in  \i%  center,  and  viewing  it  all 

^3  around.     And  if  a  fmall  globe,  with  a  map  of 
die  earth  upon  it,  be  placed  on  an  axis  in  the 

-^  center  of  this  ftarry  fphere,  and  the  fpherd  be 
I  made  to  turn  round  on  this  axis,  it  will  repre- 

j  lent  the  apparent  motion  of  the  heavens  round 

IT  the  earth. 

1/        If  a  great  circle  be  fo  drawn  upon  this  fphere» 

,    as  to  divide  it  into  two  equal  parts,  or  hemi- 
ibheres,  and  the  plane  of  the  circle  be  perpen- 
dicular to  the  axis  of  the  fphere,  this  circle  will 
reprefent  the  equincilial^  which  divides  the  hea-  The  ieui* 
yen  into  two  equal  parts,  called  the  northern  and  "^^^A- 
the  fouthern  bemtfpheres\  and  every  point  of  that 
circle  will  be  equally  diftant  from  the  poles^  or  The/«fr/.. 
ends  of  the  axis  in  the  fphere.    That  pole  which 
is  in  the  middle  of  the  northern  hemifphere» 
will  be  called  the  north  pole  of  the  fphere^  and 
that  which  is  in  the  middle  of  the  fouthern  hemi- 
^here,  the  feuth  pole. 

If  another  great  circle  be  drawn  upon  the 
(phere»  in  fuch  a  manner  as  to  cut  the  equinoc- 
tial  at  an  angle  of  23^  degrees  in  two  oppofite 
points,  it  wiU  reprefent  the  ecliptic^  or  circle  of  The  icip^ 
the  fun*s  apparent  annual  motion:  one  half  of^'^* 
which  is  on  the  north  fide  of  the  equinoctial, 
and  the  other  half  on  the  fouth. 

If  a  larjpe  ftud  be  made  to  move  eaftward  in 
this  ecliptic,  in  fuch  a  manner  as  to  go  quite 
round  it,  in  the  time  that  the  fphere  is  turned 
round  weftward  366  times  upon  its  axis  i  this 
^u4  will  reprefent  the  fun^  changing  his  pUce  Tlie>&», 
every  day  a  36^th  cart  of  the  ecliptic^  and 
R  4  going 
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going  round  weft  ward,  the  fame  way  as  the 
ars  do ;  but  with  a  motion  fo  much  flower  than 
the  motion  ot  the  ftars,  that  they  will  make  366 
revolutions  about  the  axis  of  the  fphere,  in  the 
time  that  the  fun  makes  only  365.  During  one 
half  of  thefe  revolutions  the  fun  will  be  on  the 
north  fide  of  the  equinoftial  j  during  the  other 
half,  on  the  fouch  :  atid  at  the  end  of  each  half, 
in  the  equinoftial. 
Thtiwth.  If  we  fuppofe  the  terreftrial  globe  in  this  ma- 
chine to  be  about  one  inch  in  diameter,  and  the 
diimeter  of  the  ftarry  fphere  to  be  about  five 
or  fix  feet,  a  fmall  infedb  on  the  globe  would  fee 
only  a  very  little  portion  of  its  Turface ;  but  it 
would  fee  one  half  of  the  ftarry  fphere ;  the  con- 
vexity oithe  globe  hiding  the  other  half  from  its 
Tk*  *P-  view.  If  the  fphere  be  turned  weftward  round 
modon  of  ^^^  g^^be,  and  the  infeft  could  judge  of  the  ap- 
che  hca-  pearances  which  arife  from  that  motion9  it  would 
vciM.  fee  fonie  ftars  rifing  to  its  view  in  the  eaftern 
fide  of  the  fphere,  whilft  others  were  fetting  on 
the  wedern  :  but  as  all  the  ftars  are  fixed  to  the 
fphere,  the  fame  ftars  woiild  always  rife  in  the 
fame  points  of  view  on  the  eaft  fide,  and  fet  in 
the  fame  points  of  view  on  the  weft  fide.  With 
the  fun  it  would  be  otherwife,  becaufe  the  fun 
is  not  fixed  to  any  point  of  the  fphere,  but 
moves  flowly  along  an  oblique  circle  in  it.  And 
if  the  infeft  fliould  look  towards  the  fouth,  and 
call  that  point  of  the  globe,  where  the  equi- 
noftial  in  the  fphere  feems  to  cut  it  on  the  left 
fide,  the  e/jji  point ;  and  where  it  cuts  the  globe 
on  the  right  fide,  the  weft  point ;  the  little  ani* 
mal  would  fee  the  fun  rife  north  of  the  eaft,  and 
fet  north  of  the  weft,  for  182^  revolutions  ^ 
after  which,  for  as  many  more,  the  fun  would 
rife  fouth  of  the  eaft,   and  fet  fouth  of  the 

weft, 
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weft.  And  in  the  whole  365  revolutions,  the 
fun  would  rife  only  twice  in  the  eaft  point,  and 
fet  twice  in  the  weft.  All  thefe  appearances 
would  be  the  fame,  if  the  ftarry  fphere  ftood 
fiill  (the  fun  only  moving  in  the  ecliptic)  and 
the  earthly  globe  were  turned  round  the  axis  of 
the  fphere  eaftward.  For,  as  the  infcdk  would 
be  carried  round  with  the  globe,  he  would  be 
quite  infenfible  of  its  motion  ;  and  the  fun  and 
ftars  would  appear  to  move  weft  ward. 

fVe  are  but  very  fmall  beings  when  compared 
with  our  earthly  globe,  and  the  globe  it/elf  is  but 
a  dimenfionlefs  point  compared*  with  the  mag- 
nitude of  the  ftarry  heavens.  Whether  the 
earth  be  at  reft,  and  the  heaven  turns  round  it, 
or  the  heaven  be  at  reft,  and  the  earth  turns 
round,  the  appearance  to  us  will  be  exa&ly  the 
fame.  And  becaufe  the  heaven  is  fo  immenfely 
large,  in  comparifon  of  the  earth,  we  fee  one 
half  of  the  heaven  as  well  from  the  earth's  fur- 
face,  as  we  could  do  from  its  renter,  if  the 
limits  of  our  view  arc  not  entcrcepted  by 
hills. 

We  may  imagine  as  many  circles  dcfcribed  C/r/i^/«/* 
upon  the  earth  as  we  palef e ;  and  we  may  thijpbtn. 
imagine  the  plane  of  any  circle  defcribed  upon 
the  earth  to  be  continued,  until  it  marks  a  circle 
in  the  concave  fphere  of  the  heavens. 

The  horizon  is  txxkitx  fenfihle  or  rational  The  The  b»ri^ 
fenfible  horizon  is  that  circle,  which  a  man  ftand-  *^** 
ing  upon  a  large  plane,  obferves  to  terminate 
his  view  all  around,  where  the  heaven  and  earth 
feem  to  meet.  The  plane  of  our  fenfible  hori- 
zon continued  to  the  heaven,  divides  it  into  two 
hcmifperes ;  one  vifible  to  us,  the  other  hid  by 
the  convexity  of  the  earth. 

The 
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The  plane  of  the  rational  horizon^  is  ffippofed 
paraUel  to  the  plane  of  tl^e'  fenfibk';  to  pab 
through  the  center  of  the  earth,  and  to  be 
cjontinued  to  the  heavens.  And^  although  t& 
plane  of  the  firnfible  horizon  touches  the  earth 
in  the  place  of  the  obferver,  yet  tins  plane, 
and  that  of  the  rational  horizon,  will  ieem  to 
coincide  in  the  heaven,  becaufe  the  whole  earth 
is  but  a  point  compared  to  the  Iphere  of  the 
heaven. 

The  earth  being  a  fpherical  body,  the  hori* 
zon,  or  limit  of  our  view,  muft  change  as  we 
changp  our  place. 

f^liu  The  poles  of  the  earthy  arc  thofe  two  points  on 

its  furface  in  which  its  axis  terminates.  The 
one  is  called  the  nortb  pole^  and  the  other  the 
foutb  pole. 

The  poles  of  the  heaven^  are  thofe  two  points 
in  which  the  earth's  axis  produced  tcrniinates  in 
the  heaven  :  fo  that  the  north  pole  of  the  heaven 
is  dircclly  over  the  north  pole  of  the  earth  ;  and 
f he  fouth  pole  of  the  heaven  is  diredly  over  the 
fouth  pole  of  the  earth. 

^^umt9r.  The  equator  is  a  great  circle  upon  the  earth, 
every  part  of  which  is  equally  dillant  from 
^ither  of  the  polesi  It  divides  the  earth  into 
two  equal  parts,  called  the  northern  znd  foutbern 
hemiffheres.  If  we  fuppofe  the  plane  of  t&is 
circle  to  be  extended  to  the  heaven,  it  will 
mark  the  equinoBial  therein,  and  will  divide  the 
heaven  into  two  equal  parts,  cal!ed  the  northern 
and  foutlern  hemiliphcres  of  the  heaven. 

MendUm  ^^^  meridian  oi  any  place  is  a  great  circle 
pafllng  through  that  place  and  the  potes  of  the 
earth.  We  may  innagine  as  nnany  fuch  meri- 
dians as  we  pleafc,  becaufe  any  place  that  is 

ever 


#ver  fft.lilfk  to  the  mft  Qr  iReft^  oi^  any  Qthfld 
pla€4,  b^  a  dJflSercqc  mm^X^ili  frorp  that  pla(«  i 
fx)r  nftionc  circle  cap.  p3i».  through  auy  two.  fuch. 
Qlacey  and  t^e  pol(!^  of  the  eaxth- 

Th^  miridi(^n  of  s^nyr  plpjqc  is  divided  by  tjk. 

S^lcs^  into  two  fcmicircles :  that  "which  pa0ea 
rough  the  plage  is  called  the  gtogrofMfid.^  or 
t^per  meridian  -,  wd  that  which  pajQhi  thmugb 
we  oppofite  placc^  is  called  the  liivcr  meridum. 

When  the  DQttfioQ  ot  the  earth  briogs  th(.AJM«;»d 
plane  of  the  geographical  incridian  to  the  fun,  •"'r^i^'* 
it  is  n^iK  or  md4^  to  that  place ;  and  wiMm 
Q\iT  lower  oieridii^  cooies  to  tht  fuxi,  it  is  m/k 
mgbt. 

All  places  lying  under  the  fame  geogny>t>ical 
iperidian,  have  their  noon  at  the  fs^me  time,  and 
coniequeotly  all  the  other  hours.  All  thofe 
places  are  faid  to  have  the  fa;mc  I'jngitude^  bf!;caufc 
no  one  of  thtni  lies  either  eaftward  or  weftward 
from  any  of  the  reft. 

If  we  itnagine  24  icaiicircles»  qnc  of  which  ^^  «^ 
is  the  gcpgraphical  meridian  of  a  given  place^^^* 
to  mcret  at  the  poles,  and  to  divide  the  ec^atoc 
intp  94  equal  parts;  each  of  thefe  mendians 
will  come  round  to  the  fun  in  24  hours^  by  the 
earth's  equable  motion  round  its  uis  in  that 
time.  And,  as  the  equator  contains  ^60  de- 
grees, there  will  be  15  degrees  contained  tje- 
twecn  any  two  of  tbeic  iperidians  which  are 
neareft  to  one  another:  for  24  times  15  is  260. 
And  as  the  earth's  motion  is  ea&ward,  the  urn's 
apparent  motion  will  be  weftward,  at  the  rate 
oi  %s  degrees  each  hour.    Therefore, 

They  whofe  geographical  meridian  is  15  de«  Lm^tUe. 
grces  eaftvard  front  us,  have  noon,  and  every 
Other  hour,  an  hour  iboner  than  we  have.  They 
^  whofe  meridian  is  fifteen  degrees  weftward  from 

us. 
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uSy  have  noon,  and  every  ocher  hour,  an  I 
later  than  we  have :  and  fo  on   in  pr  _ 
reckoning  one  hour  for  every  fifteen  degrees. 

As  the  earth  turns  round  its  axis  onceinsil 
hours,  and  (hews  itfelf  all  round  to  thefuDil 
that  time  ;  fo  ic  goes  round  the  fun  once  a  ynrJ 

EeUfiic.  in  a  great  circle  called  the  ecUplic^  which  craBl 
the  cqoinoftial  in  two  opp^^fiie  pDints»  nidki  || 
an  angle  of  2^t  degrees  wirh  the  cquinocuaioij 
each  fide,  SoUiatone  hair  of  the  ccl?pt!ciMr| 
the  nonhern  hemilphere,  and  the  other 
fouthern.  It  concjihS  360  eqral  parts,  c^leJ 
degrees  (as  all  oth^ir  circles  do,  whether  grcit 
or  fmall)  anri  as  the  earth  goes  cncc  round  ii 
every  year,  the  fun  wi  1  appear  to  do  the  famci 
changing  his  place  almoft  a  degree,  at  a  mean 
rate,  every  24  hours.  So  that  wherever  puce, 
or  degree  of  the  ecliptic,  the  earth  is  in  at  any 
time,  the  fun  will  then  appear  in  the  oppufitc. 
And  as  one  half  of  the  ecliptic  is  on  the  north 
fide  of  the  equinoAial,  and  the  other  half  on  the 
fouth ;  the  fun,  as  feen  from  the  earth,  will  be 
half  a  year  on  the  fouth  fide  of  the  equinodia), 
and  half  a  year  on  the  north :  and  twice  a  year 
in  the  equinodial  itfelf. 

Si^s  and      The  ecliptic  is  divided  by  aftronomers  into 

^grta.  12  equal  parts,  called  ^nj,  each  fign  into  30 
degreesj  and  each  degree  into  60  minutes:  but 
in  ufing  the  globes,  we  feldom  want  the  fun's 
place  nearer  than  half  a  degree  of  the  truth. 

The  names  and  characters  of  the  1 2  figns  are 
as  follow  ;  beginning  at  that  point  of  the  eclip- 
tic where  it  crofles  the  equinodtial  to  the  north- 
ward, and  reckoning  eaftward  round  to  the 
fame  point  again.  And  the  days  of  the  months 
on  which  the  fun  now  enters  the  figns,  are  fet 
down  below  them. 
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By  remembering  on  what  day  the  fun  enters 
any  particular  lign,  we  may  eafily  find  his 
place  any  day  anerward,  whilft  he  is  in  that 
iign,  by  reckoning  a  degree  for  each  day; 
which  will  occafion  no  error  of  conlequence  in 
ufing  the  globes. 

When  the  fun  is  at  the  beginning  of  ArieSj 
he  is  in  the  equinoftial ;  and  from  that  titne  he 
declines  northward  every  day,  until  he  comes 
to  the  begnning  of  Cancer^  which  is  23^  de* 
grees  from  the  equinoftial :  from  thence  he  re- 
cedes Ibuthward  every  day,  for  half  a  year;  in 
the  middle  of  which  half,  he  croITes  the  equi- 
nodial  at  the  beginning  of  Librae  and  at  the 
end  of  that  half  year,  he  is  at  his  greateft  fouth 
declination,  in  the  beginning  of  Capricorn^  which 
is  alfo  2  ?t  degrees  from  the  equinoftial.  Then, 
he/eturns  northward  from  Capricorn  every  day, 
for  half  a  year ;  in  the  middle  of  which  half,  he 
erodes  the  equinoftial  at  the  beginning  of  Arks ; 
and  at  the  end  of  it  he  arrives  at  Cmutr. 

The 
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The  fun*s  morion  in  the  ecliptic  is  not  pep 
feftly  equable,  for  he  continues  eight  days 
longer  in  the  northern  half  'of  the  eclfj^ticy  than 
in  tne  fouthern :  fo  that  the  Aimmer  -faiilf  year, 
in  the  northern  heniifphere,  is  eight  days  longer 
than  the  winter  half  year  \  and  the  contrary  in 
the  fouthern  hemisphere. 
Tropics.  The  tropics  are  leflcr  circles  in  the  heaven, 
paralld  to  the  equrmo^tial ;  OAe  on  Mdh  fide  of 
it,  touching  the  ecliptic  in  the  points  of  its 

Sreateft  declination  ;  fo  that  each  tropic  is  aji 
egrees  from  the  eqQino£i1al,  one  On  the  north 
fide  of  it,  arid  the  other  on  the  fbifth.  The 
northern  tropic  touches  the  ecliptic  at  the  be- 
ginning of  Cancer^  the  fouthern  at  the  beginning 
of  Capricorn ;  for  which  reafon  the  former  is 
called  the  tropic  of  Cancer^  and  the  laaer  the 
tropic  of  Capricorn. 
F9larcir*  The  polar  circles  in  the  heaven,  are  each 
^'  23y  degrees  from  the  poles,  alt  around.  That 
which  goes  round  the  north  pole,  is  called  the 
arSlic  circle^  from  afx7^,  which  fignifies  a  becr\ 
there  being  a  colleftion  or  groupe  of  ftars  near 
the  north  pole,  which  goes  by  thatnanoe.  The 
fbuth  polar  circle,  is  called  the  antarStic  circle^ 
from  its  being  oppoiuc  to  the  ar&ic. 

The  echptic,  tropics,  and  pdar  circles,  are 
drawn  upon  the  terreilrial  globe,  as  well  as 
upon  the  celeftial.  But  the  ecliptic,  being  a 
great  fixed  circle  in  the  heavens,  cannot  pro^ 
pcrly  be  faid  to  belong  to  the  terreftrial  globe } 
ahd  is  laid  down  upon  it  only  for  the  convehicncy 
of '  folving  fome  problems.  So  that,  if  this 
circle  on  the  terreftrial  globe  was  properly  di- 
vided into  the  months  and  days  of  the  ytar,  ic 
would  not  only  fuit  the  globe  better,  bur  would 
alfo  make  the  problems  therton  much  eaficr. 

In 
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'In  order/toTorm'a  criie  idea  of  the  earths 
notion  ixiuhd  its  axis  every  24  hours,  which  is 
the  caufe  of  day  arid  night  •,  and  of  its  motion 
ill' ilie  ecliptic  round  the  fun  every  year,  which 
.is'the  caufe  of  the  different  lengths  of  days  and 
riigbts^  and  of  the  viciOitude  of  feafons ;  take 
cKe  foilbwrng  niethod,  wliich  will  be  both  eafy 
and'plcafant. 

|L^t  a. tmallterreft  rial  globe,  of  about  three  An  idea 
inch^t  dianaecer,  be  fulpended  by  a  long  thread  of  the 
of  twift/cd  fiilk,  fixt  to  its.  north  pole :  then  hav-  fc*foos- 
injg  placed  a  lijghted  candle  on  a  table,  to  repre- 
lent  the  fun,  in  the  center  of  a  hoop  of  a  large 
czS^  'which  may  feprelent  the  ecliptic,  the  hoop 
making  an  angle  of  2  ^^  degrees  with  the  plane 
of  thp  table ;  hang  the  globe  within  the  hoop 
near  to  it ;  and  if  the  table  be  level,  the  equa- 
tor of  the  glpbe  will  be  parallel  to  the  table, 
and  the  plane  of  the  hoop  will  cut  the  equator 
at  an  angle  of  237  degrees ;  fo  that  one  half  of 
the  cauator  wilfbe  abpve  the  hoop,  and  the  ' 
other  n^  below  it:   and  the  candle  will  en- 
^n^h'ten  one  half  of  the  globe,    as  the  fun 
enKghtiens  brie  half  of  the'eai;ch,   whilft  the 
other  half  is  in  the  dax)c. 

l^hings  being  thus  prepared,  twilt  the  thread 
towards  the  leit' Hand,  that  it  may  turn  the 
globe  the  faribe  way  by  uhtwiftins;  that  is,  from 
weft,  by  fouth,  to  eaft.  As  the  globe  turns 
iround  its  axis  or  thread,  the  different  places  of 
its  furtace  will  go  regularly  through  the  light 
'  and' id^rk ;  and  nave,  as  it  were,  an  alternate 
return  of  day'a^d  night  In  each  rotation.  As 
the  globe  condriues  to  turn  round,  and  to  (hew 
itlelf  all  afoiurid  to, the  candle,  carry  it  floWly 
round  the  hoop'  b^  the  thread,  from  weft,  by 
fouth,  to  h& ;-  which  is  the  way  that  the  eatth 

moves 
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moves  round  the  fun^  once  a  year,  in 
ecliptic ;  and  you  will  fee^  that  whilft  the  ^^ 
continues  in  the  lower  part  of  the  hoop,  the  as\ 
die  (being  then  north  of  the  equator)  will  cob- I 
ftantly  (hine  round  the  north  pole  ;  and  all  tlx) 
northern  places  which  go  through  any  pan  cf I 
the  dark,  will  go  through  a  lefs  portion  of  it  thifl  | 
they  do  of  the  light;  and  the  more  fo,  the  fir- 
ther  they  are  from  the  equator :  confequentlf,  I 
their  days  arc  then  longer  than  their  nights. 
"When  the  globe  conies  to  a  point  in  the  hoop, 
mid-way  between  the  higbeCt  and  lowell  poiDCS, 
the  candle  will  be  direflly  over  the  equator,  and 
will  enlighten  the  globe  juft  from  pole  to  pole; 
and  then  every  place  on  the  globe  will  go 
through  equal  portions  of  light  and  darknelSt 
as  it  runs  round  its  axis  ;  and  confequently,  the 
day  and  night  will  be  of  equal  length  at  all 
places  upan  it.  As  the  globe  advances  thence- 
forward,  towards  the  higheft  part  of  the  hoop, 
the  candle  will  be  on  the  fouth  fide  of  the  equa^ 
tor,  (hining  farther  and  farther  round  the  Ibuth 
pole,  as  the  globe  rifes  higher  and  higher  in  the 
hoop  ;  leaving  the  north  pole  as  tnuch  in  dark- 
nefs,  as  the  Ibuth  pole  is  then  in  the  light,  and 
making  long  days  and  {hort  nights  on  the  fouth 
fide  of  the  equator,  and  the  contrary  on  the 
north  fide,  whillt  the  globe  continues  in  the 
nothcrn  or  higher  fide  of  the  hoop :  and  when 
it  comes  to  the  higheft  point,  the  days  will  be  at 
the  longefi:,  and  the  nights  at  the  (horteft,  in  the 
fouthern  hemifphere ;  and  the  reverie  in  the 
northern.  As  the  globe  advances  and  deicends 
in  the  hoop,  the  light  will  gradually  recede  from 
the  fouth  pole,  and  approach  towards  the  north 
pole,  which  will  caufe  the  northern  days  to 
lengthen,  and  the  fouthern  days  to  Ihorten  in 
3  the 
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the  lame  proponion.  When  t)ie  globe  comes  to 
the  middle  point)  between  thehigheftand  loweft 
points  of  the  hoop,  the  candle  will  be  over  the 
equator,  enlightening  the  globe  juft  from  pole 
to  pole,  when  every  place  of  the  earth  (except 
the  poles)  will  go  through  equal  portions  of 
light  and  darknefs  ;  and  confequently,  the  day 
and  night  will  be  then  equal,  all  over  the  globe. 

And  thus,  at  a  very  fmall  expence,  one  may 
have  a  delightful  and  demonftrative  view  of 
the  caufe  of  days  and  nights,  with  their  gradual 
increafe  and  decreafe  in  length,  through  the 
v^hole  year  together,  with  the  viciflitudes  of 
fpring,  fummer,  autumn,  and  winter,  in  each 
annual  courfe  of  the  earth  round  the  fun. 

If  the  hoop  be  divided  into  1 1  equal  parts, 
and  the  figns  be  marked  in  order  upon  it,  be- 
ginning with  Cancer  at  the  higheft  point  of  the 
hoop,  and  reckoning  eaftward  for  contrary  to 
the  apparent  motion  of  the  fun)  you  will  fee 
how  the  fun  appears  to  change  his  place  every 
day  in  the  ecliptic,  as  the  globe  advances  eaft- 
ward  ailong  the  hoop,  and  turns  round  its  own 
axis  t  and  that  when  the  earth  is  in  a  low  fign, 
as  at  Capricorn^  the  fun  mufl  appear  in.  a  high 
fign,  as  at  Cancer^  oppofite  to  the  earth's  real 
place :  and  that  whilft  the  earth  is  in  the 
fouthem  half  of  the  ecliptic,  the  fun  appears  in 
the  northern  half,  and  vice  verfd :  that  the  far- 
ther any  place  is  from  the  equator,  between  it 
and  the  polar  circle,  the  greater  is  the  difference 
between  the  longcft  and  {honcft  day  at  that 
place ;  and  that  the  poles  have  but  one  day  and 
one  night  in  the  whole  year. 

Thefe  things  premifed,  we  fliall  proceed  to 
the  defcription  and  ufc  of  the  terrcftrial  globe, 

S  and 
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and  explain  (he  geographical  terms  as  ihtf  occur 

in  the  problems. 

The  iff'        1^^^^  globe  has  the  boundaries  of  land  and 

refirial      water  laid  down   upon   it»  the   countries  and 

globe  ie-    kingdoms  divided   by  dots,   and    coloured  to 

Tcfibcd.     diftinguifh  them,  the  iflands  properly  fituatcdi 

the  rivers  and  principal  towns  inlertcd,  as  they 

have  been  afcertained  upon  the  earth  by  mea- 

furcment  and  obfervation. 

The  equator,  ecliptic,  tropics,  polar  circles, 
and  meridians,  are  laid  down  upon  the  globe  in 
the  manner  already  defcribed.  The  ecliptic  is 
divided  into  12  Hgns,  and  each  fign  ioto  30 
degrees,  which  are  generally  fubdivided  into 
halves,  and  into  quarters  if  the  globe  is  large. 
Each  tropic  is  23-5:  degrees  from  the  equator, 
and  each  polar  circle  23^  degrees  from  its 
refpeftive  pole.  Circles  are  drawn  parallel  to 
the  equator,  at  every  ten  degrees  dillance  from 
it  on  each  fide  to  the  poles  :  thefe  circles  arc 
called  parallels  of  latitude.  On  large  globes 
there  are  circles  drawn  perpendicularly  through 
every  tenth  degree  of  the  equator,  interfering 
each  other  at  the  poles :  but  on  globe's  of  or 
under  a  foot  diameter,  they  are  only  drawn 
through  every  fifteenth  degree  of  the  equator : 
thefe  circles  are  generally  called  tneridiam^  fome- 
times  circles  of  longitudcy  and  at  other  times  bowr' 
circles. 

,  'f  he  globe  is  hung  in  a  brafs  ring,  called  the 
hrafen  meridian ;  and  turns  upon  a  wire  in  each 
pole  funk  half  its  thicknefs  into  one  fide  of  the 
meridian  ring  •,  by  which  means,  that  fide  of 
the  ring  divides  the  globe  into  two  equal  parts, 
called  the  eaftern  and  wefiern  hemifpheres  ;  as  ihe 
equator  divides  it  into  two  equal  parts,  called  the 
vortbern  and  foutbern  bemifpberes.  This  ring  is. 
4  divided 
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divided  into  360  equal  parts  or  degrees,  on  the 
fide  wherein  the  axis  of  the  globe  turns.  One 
half  of  tbcfe  degrees  are  numbered,  and  reck- 
oned, from  the  equator  to  the  poles,  where  they 
end  at  90 :  their  ufe  is  to  (hew  the  latitudes  of 
places.  The  degrees  on  the  other  half  of  the 
meridian  ring,  are  numbered  from  the  poles  to 
the  equator,  where  they  end  at  90 :  their  ufe  is 
to  (hew  how  to  elevate  eidier  the  north  or  fouth  . 
pole  above  the  horizon,  according  to  the  lati- 
tude of  any  given  place,  as  it  is  north  or  fouth 
of  the  equator* 

The  brafen  meridian  is  let  into  two  notches 
made  in  a  broad  flat  ring,  called  the  wooden 
bmzon^  the  upper  furface  of  which  divides  the 
globe  into  two  equal  parts,  called  the  upper  and 
Uwer  bemifpberes.  One  notch  is  in  the  north 
point  of  the  horizon,  and  the  other  in  the  (buth. 
On  this  horizon  are  feveral  concentric  circles, 
which  contain  the  months  and  days  of  the  year, 
the  ligns  and  degrees  anfwering  to  the  fun's 
place  for  each  month  and  day,  and  the  32  points 
of  the  compafs.<— The  graduated  fide  of  the 
br^fs  meridian  lies  towards  the  eaft  fide  of  the 
horizon,  and  (hould  be  generally  kept  toward 
the  perfon  who  works  problems  by  the  globes. 

There  is  a  fmall  horary  circle^  fo  fixed  to  the 
north  part  of  the  brafen  meridian,  that  the  wire 
in  the  north  pole  of  the  globe  is  in  the  center 
of  that  circle;  and  on  the  wire  is  an  index^ 
which  goes  over  all  the  24  hours  of  the  circle, 
as  the  globe  is  turned  round  its  axis.  Some- 
times there  are  two  horary  circles,  one  between 
each  pole  of  the  globe  and  the  brafen  meridian  1 
which  is  the  contrivance  of  the  late  ingenious  Mr. 
Jpfiph  Harris^  mafter  of  the  afTay-office  in  the 
Tower  of  London  %  and  makes  it  very  conve* 
S  2  nient 
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nicnt  for  putting  the  poles  of  the  globe  thrtiQ|^ 
the  horizon,  and  for  elevating  the  pole  to  (mi 
Iatitudes,3nd  declinations  of  the  fun;  which  cao- 
not  be  done  where  there  is  only  one  horiry  cir- 
cle fixed  to  the  outer  edge  of  the  bmfen  me^ 
ridian. 

There  is  a  thin  flip  of  brafs,  called  the  ^ 
drant  of  altitude^  which  is  divided  into  90  equal 
parts  or  degrees,  anfwering  exaclly  to  fo  manj 
degrees  of  the  equator.     It  is  occaOonally  fixed 
to  the  uppermolt  point  of  the  brafcn  meridiia 
by  a  nut  and  fcrcw.     The  divifions  end  at  the 
nut,  and  the  quadrant  is  turned  round  upon  ir. 
As  the  globe  has  been  feen  by  moft  peopk, 
and  upon  the  figure  of  which,  in  %  plate,  nei- 
ther the  circles  nor  countries  can  be  properly 
cxprcfird,  we  judge  it  would  fignify  very  iJEtlc 
to  refer  to  a  Bgure  of  it  v  and   fliall  therefore 
only  give  fome  direftions  how  to  chooTeaglobe, 
and  then  defcribe  its  ufe. 
Dircaotw      I.   See  that  the  papers  be  well  and  ncad^ 
for  choof-  palled  on  the  globes,  which  you  may  know,  if 
*"8:^      the  lines  and  circles  thereon  meet  exadly,  and 
^'*  continue  all  the  way  even  and  whole ;  the  cir- 

cles not  breaking  into  feveral  arches,  nor  the 
papers  either  coming  fhort,  or  lapping  orer  one 
another. 

i.  See  that  the  colours  be  tranfparent,  and 
not  hid  too  thick  upon  the  globe  to  hide  the 
names  of  places. 

3.  See  that  the  globe  hang  evenly  between 
the  brafen  meridian  and  the  wooden  horizon*, 
not  inclining  either  to  one  fide  or  to  the 
other. 

.  4.  See  that  the  globe  be  as  clofc  to  the  hori- 
zon and  meridian  as  it  conveniently  may ;  other- 
wife,   you  will  be  too  much  puzzled  to  find 

againft 
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againfl:  what  part  of  the  globe  any  degree  of  the 
meridian  or  horizon  is. 

5.  Sec  that  the  cquinoflial  line  be  even  with 
the  horizon  all  around,  with  the  north  or  fouth 
pole  is  elevated  90  desrees  above  the  horizon. 

6.  See  that  the  equino(5liaI  line  cuts  the  hori- 
zon in  the  eaft  and  weft  points,  in  all  elevations 
of  the  pole  from  o  to  90  degrees. 

7.  See  that  the  degree  of  the  brafen  meridian 
marked  with  o,  be  exadtly  over  the  equinodtial 
line  of  the  globe. 

8.  See  that  there  be  exadtly  half  of  the  braien 
meridian  above  the  horizon ;  which  you  may 
know,  if  you  bring  any  of  the  decimal  diviGons 
on  the  oieridian  to  the  north  point  of  the  hori* 
aon,  and  find  their  complement  to  90  in  the 
ibuth  point. 

9.  See  that  when  the  quadrant  of  altitude  is 
placed  as  far  from  the  equator,  on  the  brafen 
meridian,  as  the  pole  is  elevated  above  the  hori« 
zon,  the  beginning  of  the  degrees  of  the  qua- 
drant reaches  juft  to  the  plane  furface  of  the 
horizon. 

10.  See  that  whilft  the  index  of  the  hour- 
circle  (by  the  motion  of  the  globe)  paffes  from 
one  hour  to  another,  15  degrees  of  the  equator 
pafs  under  the  graduated  edge  of  the  brafen 
meridian. 

ii«  See  that  the  wooden  horizon  be  made 
fubftantial  i(nd  ftrong:  it  being  generally  ob* 
ferved,  that  in  moft  globes,  the  horizon  is  the 
firft  part  that  fails,  on  account  of  its  having 
been  made  too  flight* 

In  ufing  the  globes,  keep  the  eaft  fide  of  the  Dlreaiont 
horizon  towards  you  (unlefs  your  problem  re*  ^  ^^z 
quires  the  turning  of  it)  which  fide  ^ou  may  *^**"*  ^ 
Know  by  the  word  Eaft  upon  the  horizon  %  for 
S  3  then 
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then  you  have  the  graduated  fide  of  the  meih 
dian  towards  70U,  the  quadrant  of  altitude  before 
you,  and  the  globle  divided  exa£Uy  into  two 
equal  pares,  by  the  graduated  fide  of  the  vatr 
ridian. 

In  working  fome  problems,  it  will  be  necef* 
fary  to  turn  the  whole  globe  and  horizon  about, 
that  you  may  look  on  the  weft  fide  thereof; 
which  turning  will  be  apt  to  jog  the  ball  fo,  as 
to  fliift  away  that  degree  of  the  globe  which 
was  before  fet  to  the  horizon  or  meridian:  to 
avoid  which  inconvenience,  you  may  thruft  in 
the  feather-end  of  a  quill  between  the  ball  of 
the  globe  and  the  brafen  meridian ;  which,  with- 
out hurting  the  ball,  will  keep  it  front  turning 
in  the  meridian,  whilft  you  turn  the  weft  fide  of 
the  horizon  towards  you. 

PROBLEM    I. 

Tefnd  the  *  latitude  and  •\  longitude  of  any  given 
-  place  upon  the  globe. 

Turn  the  globe  on  its  axis,  until  the  given 
place  comes  exactly  under  that  graduated  (ule  of 
the  brafen  meridian,  on  which  the  degrees  are 

numbered 

*  The  latitude  of  a  place  is  its  diflance  from  the  eq tutor. 
and  is  north  or  fouth,  as  the  place  is  north  or  ibuth  of  the 
equator*  Thofe  who  live  at  the  equator  have  no  lititade^ 
bccaufe  it  is  there  that  the  latitude  begins. 

f  The  longitude  of  a  place  is  the  number  of  degrees 
{reckoned  upon  the  equator)  that  the  meridian  of  the  (aid 
place  is  diflant  from  the  meridian  of  any  other  place  &om 
which  we  reckon,  either  eaftward  or  weft  ward,  for  180  de- 
grees, or  half  round  the  globe.  The  Britifh  reckon  the 
longitude  from  the  meridian  of  London,  and  the  French 
now  reckon  it  from  the  meridian  of  Paris.  The  meridian 
0^  that  place,  from  which  the  longitnde  Is   reckoned,  is 

called 
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numbered  from  the  equator ;  and  obferve  what 
degree  of  the  meridian  the  place  then  lies  under  ; 
which  is  its  latitude,  north  or  Touch,  as  the  place 
is  nordi  or  fouth  of  the  equator. 

The  globe  remaining  in  this  pofitibn,  the  de- 
gree of  the  equator,  which  is  under  the  brafcn 
meridian,  is  the  longitude  of  the  place,  (from 
the  meridian  of  London  on  the  Englijb  globes) 
which  is  eaft  or  wfcft,  as  the  place  lies  on  the 
eaft  or  weft  fide  of  the  firft  meridian  of  the 
globe.— All  the  Atlantic  Ocean^  and  America^ 
is  on  the  weft  (ide  of  the  meridian  of  London ; 
and  the  greateft  part  of  Europe^  and  of  Africa^ 
together  with  all  AJta^  is  on  the  eaft  fide  of  the 
meridian  of  London^  which  is  reckoned  the  firji 
meridian  of  the  globe  by  the  Britijb  geographers 
and  aftronomers. 

PROBLEM    II. 

^be  longitude  and  latitude  of  a  place  being  given^  to 
find  that  place  on  the  globe. 

Look  for  the  given  Ibngitude  in  the  equator 
(counting  it  eaftward  or  weftward  from  the  firft 
meridian,  as  it  is  mentioned  to  be  eaft  or  weft  i) 
and  bring  the  point  of  longtude  in  the  equator 
to  the  brafen  meridian,  on  that  fide  which  is 
above  the  fouth  point  of  the  horizon :  then 
count  from  the  equator,  on  the  brafen  meridian, 
to  the  degree  of  the  given  latitude,  towards  the  i 

north  or  fouth  pole,  according  as  the  latitude  is 
north  or  fouth ;  and  under  that  degree  of  lati- 
tude on  the  meridian,  you  will  have  the  place 
required. 

called  the  firft  mtridign.  The  places  npon  this  meridian 
bftve  no  loDgitude,  becaufe  it  is  there  that  the  longitude 
begins* 

S  4  P  Jl  O  B- 
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PROBLEM    III. 

Tc  find  the  difference  of  longitude^  or  differenct  4 1 
latitude^  between  any  two  given  places* 

Bring  each  of  thefe  places  to  the  braien  ok* 
ridian,  and  fee  what  its  latitude  is :  the  kiier 
latitude  fubtraded  from  the  greater,  if  both 
places  are  on  the  fame  fide  of  the  equator,  or 
both  latitudes  added  together,  if  they  are  oa 
different  fides  of  it,  is  the  difference  of  latitude 
required.    And  the  number  of  degrees  contaiocd 
between  thefe  places,  reckoned  on  the  equator, 
when  they  are  brought  feparately  under  the 
b^afen  meridian,  is  their  difference  of  longitude  \ 
if  it  be  Icfs  than  1 80 :  biit  if  more,  let  it  be  fub- 
traded  from  360,  and  the  remainder  is  the  dif- 
ference of  longitude  required.  Or, 
)     Having  brought  one  of  the  places  to  the 
brafen  meridian,  and  fet  the  hour-index  to  XII, 
!  cum  the  globe  until  the  other  place  comes  to  the 
;  brafen  meridian,  and  the  number  of  hours  and 
:  parts  of  an  hour,  pad  over  by  the  index,  will 
.  give  the  longitude  in  time ;  which  may  beeafily 
\  reduced  to  degrees,  by  allowing  ^5  degrees  for 
J  every  hour,  and  one  degree  for  every  four  mi- 
nutes. 

N.  B.  When  we  fpealc  of  bringing  any  place 
to  the  brafen  meridian,  it  is  the  graduated  fid^ 
pf  the  meridian  that  is  mean;. 
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P  R  O  B  L  E  M     IV, 

\jiMy  place  being  givejtj  to  find  all  tbofe  places  that 
bave  tbe  fame  longitude  or  latitude  witb  it. 

Bring  the  given  place  to  the  brafen  meridian, 
then  all  thofe  places  which  lie  under  that  fide  of 
(he  meridian,  from  pole  to  pole,  have  the  fame 
^ngitude  with  the  eiven  place.  Turn  the  globe 
round  its  axis,  and  all  thofe  places  which  pals 
Vnder  the  fame  degree  of  the  meridian  that  the 
given  place  does,  have  the  fame  latitude  witb 
(hat  place. 

Since  all  latitudes  are  reckoned  from  the 
equator,  and  all  longitudes  are  reckoned  from 
the  firft  meridian,  it  is  evident,  that  the  point  of 
the  equator  which  is  cut  by  the  firft  meridian,  has 
neither  latitude  nor  longitude. — The  |;reateft 
latitude  is  90  degrees,  becaufe  no  place  is  more 
than  90  degrees  from  tbe  equattn*.  And  the 
greateft  longitude  is  1,80  degrees,  becaufe  no 
place  is  more  than  180  degrees  from  the  firft 
meridian. 

PROBLEM  V. 

fpfind  tbe  ^  antoeci,  %  perioeci,  and  %  antipodes, 
of  any  given  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  having  found  its  latitude,  keep  the  globe  in 
that  fitu^tion,  and  count  the  iame  number  of  ^ 

degrees 

*  The  0a^0€i  are  thofe  people  who  lire  on  the  fame  me- 
ridiaO|  and  in  equal  Ucitodei ,  on  difierent  fides  of  the  equt* 
tor.  Being  on  the  fame  meridian,  they  have  the  (ame  honn  % 
that  is,  when  it  is  noon  to  the  /one.  It  is  alfi)  noon  to  the 
other ;  and  wheq  it  is  mid-night  to  the  one,  it  is  alio  mid- 
night to  |he  other,  i^c.  Being  on  difieroit  fides  of  the  equa- 
tor 
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degrees  of  latitude  from  the  equator  towards  the 
contrary  pole,  and  where  the  reckoning  ends, 
jou  have  the  antaci  of  the  given  place  upon  the 
globe.  .  Thofe  who  live  at  the  equator  have  no 
sntcscu 

The  globe  remaining  in  the  fame  poCtxon^fet 
the  hour-index  to  the  upper  XII.  on  the  horary 
circle,  and  turn  the  globe  until  the  index  comes 
to  the  lower  XII ;  then,  the  place  which  lies 
uhdtrr  the  meridian,  in  the  fame  latitude  with 
the  given  place,  is  the  periaci  required.  Thofe 
who  live  at  the  poles  have  no  perimci. 

As  the  globe  now  (lands  (with  the  index  at 
the  lower  XII.)  the  antipodes  of  the  given  place 
will  be  under  the  fame  point  of  the  brafen  me- 
ridian where  its  antaci  ftood  before.  Every 
place  upon  the  globe  has  its  antipodes. 

tor,  they  have  different  or  oppofi:e  ieafont  at  the  (aae  time ; 
tbe  length  of  any  day  to  the  one  is  equal  to  the  length  of  the 
night  of  that  day  to  the  other ;  and  they  have  equal  eleva- 
tions of  the  different  poles. 

f  The  ptrimci  are  thofe  people  who  live  on  the  iame  pa- 
rallel of  latitude,  bat  on  oppofuc  meridians:  {o  that  thoogh 
their  latitude  be  the  fame,  their  longitude  differs  180  de- 
grees. By  being  in  the  fame  latitude,  they  have  equal  ele- 
vations of  the  fame  pole  (for  the  elevation  of  the  pole  is 
always  equal  to  the  latitude  of  the  place)  the  fame  length  of 
days  or  nights^  and  the  fame  feafons.  But  being  00  oppo- 
fite  meridians,  when  it  is  noon  to  the  one,  it  is  mid-night 
to  the  other. 

X  The  antip^9$  are  thofe  who  live  diametrically  oppo- 
fite  to  one  another  upon  the  globe,  (landing  with  feet 
towards  feet,  on  oppofite  meridians  and  parallels.  Bein^  on 
oppofite  fides  of  the  equator^  they  have  oppofite  fealons, 
wmter  to  one,  when  it  is  fummer  to  the  other  ;  being  equally 
diftunt  from  the  equator,  they  have  their  contrarv  poles  equally 
elevated  above  the  horizon ;  being  on  opponte  meridian?, 
wh<>n  it  is  noon  to  the  one,  it  maflbe  mid-nigbt  to  the  other; 
and  as  the  fun  recedes  from  the  one  when  he  approaches  to 
the  other»  tbe  length  of  the  day  to  one  mud  be  ^qaal  xq  the 
length  of  the  night  at  the  fame  time  to  the  other. 

PROB, 
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PROBLEM    VI. 

Jlnd  the  Sftance  between  any  two  places  on  the 
globe. 


^_  Lay  the  graduated  edge  of  the  quadrant  of 
^ilcitiKle  over  both  the  places,  and  count  the 
^umber  of  degrees  intercepted  between  them  on 
^yhe  quadrant;  then  multiply  thefe  degrees  by 
^<66,  and  the.produ^  will  give  the  diftance  in 

8'  '^ograpbical  miles:  but  to  find  the  diftante  iil 
Ingliih  miles,  multiply  the  degrees  by  694,  and 
'  the  produfb  will  bv  the  number  of  miles  required. 
Or,  take  the  diftance  betwixt  any  two  places 
with  a  pair  of  compafles,  and  apply  that  extent 
CO  the  equator ;  the  number  of  degrees,  inter- 
cepted between  the  points  of  the  compafles,  it 
the  diftance  in  degrees  of  a  great  circle  *  \  which 
may  be  reduced  either  to  geographical  miles>  or 
to  Englilb  miles,  as  above. 

^  Any  dttle  that  divides  the  globe  into  two  e^ual  parts.  Gnat 
h  called  a  ^rtmt  circlt,  as  the  equator  or  meridian.    Anv  artlt. 
circle  that  divides  the  elobe  into  two  unequal  parts  (which 
every  parallel  of  latitude  does)  is  called  a  lefir  circle.    Now,  Lg^ 
as  every  circle,  whether  great  or  fmall,  contains  360  degrees,  csrclf, 
and  a  degree  upon  the  equator  or  meridian  contains  60  geo- 
graphical miles,  it  is  evident,  that  a  degree  of  longitude  upon 
the  equator,  is  longer  than  a  degree  of  longitude  upon  any 
parallel  of  latitude,  and  muft  therefore  contain  a  greater 
number  of  miles.    So  that,  although  all  the  degrees  of  lati- 
tude are  equally  long  upon  an  artificial  globe  (though  not 
prediely  fo  upon  the  earUi  itfelf)  yet  the  degrees  of  longi- 
tude decreaie  in  length,  as  the  latitude  increafes,  but  not  in 
the  fame  proportion.    The  following  table  (hews  the  length 
of  a  degree  of  longitude,  in  geographical  miles,  and  hun- 
dredth parts  of  a  mile,  for  every  degree  of  latitude,  from 
the  equator  to  the  poles :  a  degree  on  the  equator  being  60 
geo^phical  miles, 

PR  OB- 
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PROBLEM    VII. 

A  place  an  the  gMe  being  given,  and  ii$  J^m 
from  sny  other  place^  to  find  aU  ibe  other  pk 
upon  tbeghbe  which  are  at  ike  fame  dijianctj 
the  given  place. 

Bring  the  given  pkcc  to  the  braftn  ineri(Iiav| 
and  fcrew  the  quadrant  of  altitude  to  the  mm\ 
dian,  direftly  over  that  place  i  then  keeping  the  I 
globe  in  that  poficion,  cum  the  quadranc  qultt) 
round  upon  it,  and  the  dcgree^oi  the  quadrtM  1 
that  touches  the  fecond  place,  will  pa&  pwcr  al| 
the  other  places  which  are  equally  diftant  witbu 
from  the  given  place. 

This  is  the  fame  as  if  one  foot  of  a  pair  of 
^ompafles  w^  fee  in  the  given  place,  and  the 
other  foot  extended  to  the  fecond  place*  whofc 
diftance  is  known ;  for  if  the  compaHes  be  then 
turned  round  the  firfl;  place  as  a  center*  the 
moving  foot  will  go  over  all  thofe  phces  which 
are  at"the  fame  diftance  with  the  fecond  from 
m 
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T  AB  L  EJbewiftg  the  number  of  miles  ina  de* 
rree  of  longitude^  in  any  given  degree  of  latitude. 
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The  hour  of  the  day  at  any  place  being  given^  ftj 
all  thofe  places  where  if  is  tso^n  at  ibcU  time* 

Bring  the  given  place  to  the  brafen  mer 
and  fet  the  index  to  the  given  hour ;  this  doQC.1 
turn  the  gloLe  until  the  index  points  to  the  uppal 
XII,  and  then,  all  the  places  that  lie  under  the] 
brafen  meridian  have  noon  at  that  time.  1 

N.  B.  The  upper  XII  always  ftands  for  doooh 
and  when  the  bringing  of  any  place  to  the  bralbl 
meridian  is  mentioned,  the  fide  of  that  meridiaal 
on  which  the  degrees  are  reckoned  from  the  I 
equator  is  meant,  unlefs  the  contrary  fide  be 
mentioned. 

PROBLEM   IX. 

fhe  hour  of  the  day  at  any  place  being  given  to  find 
what  o'clock  it  then  is  at  any  other  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  fet  the  index  to  the  given  hour  \  then  turn 
the  globe,  until  the  place  where  the  hour  is  re- 
quired comes  to  the  brafen  meridian,  and  the  in* 
dex  will  point  out  the  hour  at  that  place. 

PROBLEM    X. 

To  find  the  fun's  place  in  the  ecliptic^  and  bis  •  de* 
clinationy  for  any  given  day  of  the  year. 

Look  on  the  horizon  for  the  given  day,  and 
right  againd  it  you  have  the  degree  of  the  fign 
in  which  the  fun  is  (or  his  place)  on  that  day 

*  The  fun's  dedinatioa  »  his  diftance  from  the  equinodlial 
in  degrees*  and  it  north  or  footh,  as  the  (un  a  between  the 
eqaino^al  and  the  north  or  foath  pole. 

at 
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4|^t  noon.  Find  the  fame  degree  of  that  Qgn  ia 
^hc  ecliptic  line  upon  the  globe,  an^  having 
r  f>rought  it  to  the  brafen  meridian^  obferve  what 
.  ^legree  of  the  meridian  ftands  over  it  i  ^r  (hat 
^  the  fun's  declination,  reckoned  from  the 
'  ^uator.  f 

PROBLEM    XI. 

r 

^be  day  of  the  month  being  given^  to  find  all  thofe 

places  of  the  earth  over  which  the  fun  wiU  pafs 

verlically  on  that  d(tf. 

Find  the  fun^s  place  in  the  ecliptic  for  the 
given  day,  and  having  brought  it  to  the  brafen 
oieridian,  obferve  what  point  of  the  meridian  is 
over  it ;  then  turning  the  globe  round  its  axis; 
all  thofe  places  which  pafs  under  that  point  of 
the  meridian  are  the  places  required  9  for  as 
their  latitude  is  equal,  in  degrees  and  parts  of  a 
degree,  to  the  fun's  declination,  the  fun  muft  be 
diredly  over  head  to  each  d  them  at  its  re%ec« 
tive  noon. 

P  R  O  B  L  E  M   XIL 

A  place  beinggiven  in  tbe^  torrid  zone^  to  find  thofi 
two  days  of  they  ear  ^  on  which  the  funfball  bt 
vertical  to  that  place. 

Bring  the  given  place  to  the  brafen  meridifiD, 
and  mark  the  degree  of  latitude  that  is  exadly 

over 

*  The 'globe  if  divided  into  fiSt  xones ;  one  torrid,  two 
temperate,  aod  two  frigid.  The  Hrrid  satm  lies  between  the  two 
tropicf»  and  it  47  degrees  in  breadth,  or  %i\  00  each  fide  of 
the  equator :  the  trnptrati  iuMH  lit  between  the  tropics  and 
polar  circles,  or  from  33  J  degrecf  of  latitude,  to  66i-»  on 

c  ach 


»^4  rheUfeoftheTerrefirialGhhi. 

over  it  on  the  meridian  *,  then  turn  the  globd 
round  its  axis^  and  obferve  the  two  degrees  of 
the  ecliptic  which  pafs  cxaftly  under  that  degree 
of  latitude :  Laftly,  find  on  the  wooden  borizoii 
the  two  days  of  the  year  on  which  the  fun  is  ill 
thofe  degrees  of  the  ecliptic,  and  they  are  the 
days  required  :  for  on  them,  and  hone  elfe,  the 
fun's  declination  is  equal  to  the  tatitude  of  the 
given  place  y  and  confcquently,  he  will  then  be 
vertical  to  it  at  noon. 

PROBLEM   Xlir. 

To  find  all  tboft  places  of  tbi  north  frigid  zm^ 
where  the  fun  Begins  to  fbtne  conflantfy  without 
fettingi  on  any  given  day^  from  the  zoth  cfMarcb^ 
to  the  23d  of  Septemiter. 

On  thefe  two  days,  the  fun  is  in  the  equinoc- 
tial, and  enlightens  the  globe  exadtly  from  pole 
to  pole :  therefore,  as  the  earth  turns  round  its 
axis,  which  terminates  in  the  poles,  every  place 
upon  it  will  go  equally  through  the  light  and  the 
dark,  and  fo  make  the  day  and  night  equal  to  all 
places  of  the  earth.  But  *as  the  fun  declines 
from  the  equator,  towards  either  pole,  he  will 
(hine  juid:  as  many  degrees  round  that  pole,  as 
are  equal  to  his  declination  from  the  equator ; 
fo  that  no  place  within  that  diftance  of  the  pole 
will  then  go  through  any  part  of  the  dark,  and 
confequently  the  fun  will  not  fet  to  it.    Now,  as 

^ach  fide  of  the  equator ;  and  are  each  43  degrees  in  breidcb: 
the  frigid  zctrn  are  the  fpaccs  included  within  the  polar 
circles,  which  being  each  23^  degrees  from  their  rcTpe^iive 
poles»  the  breadth  of  each  of  thefe  lones  is  47  degrees.  As 
the  fun  never  goes  without  the  tropics,  he  muft  every  mo- 
ment be  vertical  to  fome  place  or  other  in  the  torrid  zone. 

6  the 


iai:  TbeU/etf  the  Terreftrial  Ghht.  2^5 

B  «-^<c  fun's  declination  is  northward,  from  the  2 id 
>  ;^  March  to  the  23d  of  September,  he  muft  con-  .  ** 
^^Mtly  fhine  round  the  north  pole  all  that  time } 
*  on  the  day.  that  he  is  in  the  northern  tropic. 


^f«  fbines  upon  the  whole  north  frigid  zone }  fo 
^i«iat  no  place  within  the  north  polar  circle  goes 
^Jhrough  any  part  of  the  ditk  on  that  day* 
j^^Therefore, 

rf.      Having  brought  the  fun's  place  for  the  given 

Say  to  the  brafen  meridian,  and  found  his  d6« 

riination  (by  Prob.  IX.)  count  as  many  degrees 

Vn  the  meridian,  from  the  nortji  pole,  as  are 

^equal  to  the  fun's  declination  from  the  equator, 

ji  mnd  mark  that  degree  from  the  pole  where  the 

•9  reckoning  ends  :  then,  turning  the  globe  round 

2  its  axis,  obferve  what  places  in  the  north  frigid 

zone  pafs  dircftly  under  that  mark ;  for  they 

arc  the  places  required. 

t      ,  The  like  may  be  done  for  the  fouth  frigid 

:^  zone,  from  the  23d  of  September  to  the  21ft  of 

r   March,  during  which  time  the  fun  (hincs  con- 

E-  ftantly  on  the  fouth  pole. 

PROBLEM    XIV. 

"  Tojind  the  place  over  which  the  fun  is  vertical^  ai 
any  hour  of  a  given  day. 

Having  found  the  fun's  declination  for  the 
given  day  (by  Prob.  IX.)  mark  it  with  a  chalk 
on  the  brafen  meridian :  then  bring  the  place 
where  you  are  ffuppofe  London)  to  the  brafcrt 
meridian,  aod  fet  the  index  to  the  given  hour  ; 
which  done,  turn  the  globe  on  its  axis,  until  the 
index  points  to  XII  at  noon-,  and  the  place  on 
the  glob£,  which  \\  then  diredly  under  the  point 
T  <rf 
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of  the  fun's  dcclmtlon  marked  upon  the  tnoi- 

dizn,  has  the  fun  that  moment  in  the  zenith^  or 

.  dire&ly  overhead. 

PROBLEM    XV. 

fbe  diTf  and  hour  at  any  place  being  given^  to  fid 
all  tbofe  places  ''j:;here  the  fun  is  then  rifing^  cr 
fetting^  or  on  the  meridian :  confequentfyj  aUtbofi 

.    places  which  are  enlightened  at  that  time^  m 

thofe  which  are  in  the  dark. 

■ 

This  problem  cannot  be  folved  by  ant  globe 
fitted  up  in  the  common  way,  with  the  hour 
circle  fixed  upon  the  brafs  meridian  ;  unlefs  the 
fun  be  on  or  near  fome  of  the  tropics  on  the 
given  day.  But  by  a  globe  fitted  up  according 
to  Mr.  Jofeph  Harrises  invention  (already  men- 
tioned) where  the  hour-circle  lies  on  the  furface 
of  the  globe,  below  the  meridian,  it  may  be  folvcd 
for,  any  day  in  the  year,  according  to  his  me- 
thod ;  which  is  as  follows. 

Having  found  the  place  to  which  the  fun  is 
vertical  at  the  given  hour,  if  the  place  be  in  the 
northern  hemifphere,  elevate  the  north  pole  as 
many  degrees  above  the  horizon,  as  are  equal  to 
the  latitude  of  that  place  \  if  the  place  be  in  the 
fouthern  hemifphere,  elevate  the  fouth  pole  ac- 
cordingly ;  and  bring  the  faid  place  to  the  brafen 
meridian.  Then,  all  thofe  places  which  are  in 
the  wcftern  fcmicircle  of  the  horizon,  have  the 
fun  rifing  to  them  at  that  time ;  and  thofe  in  the 
eaftern  femicirclehaveit  fetting  :  to  thofe  under 
the  upper  fcmicircle  of  the  brafs  meridian,  it  is 
noon ;  and  to  thofe  under  the  lower  fcmicircle, 
it  is  midnight.  All  thofe  places  which  arc 
above  the  horizon,  are  enlightened  by  the  fun, 

and 
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Jtid  have  the  fun  jufl;  as  many  degrees  high  to 
r£eiti,'  as  they  themfelves  are  above  the  horizon  : 
^d  this  height  may  be  known,  by  fixing  the 

auadrant  of  altitude  on  the  brafen  meridian  ovef 
ic  place  to  which  the  fun  is  vertical ;  and  then, 
laykig  it  over  any  other  place,  obferve  what 
Qumber  of  degrees  on  the  quadrant  are  inter-^ 
QDpttd  between  the  faid  place  and  the  horizon. 
Ih  all  thofe  places  that  are  1 8  degrees  below  the 
V^ftern  fcmicircle  of  the  horizon,  the  morning 
Uvilighc  is  jud  beginning  \  in  all  thofe  places  thac  , 
i^v  i8  degrees  below  the  eailern  femicircle  of 
tfie  Horizon,  the  evening  twilight  is  ending ;  and 
wSi  thole  places  that  are  lower  than  i8  degrees^ 
have  dark  night. 

if  anv  place  be  brought  to  the  upper  femi- 
circTe  of  the  braFen  meridian,  and  the  hour  index 
lit  ftt  to  the  upper  XII  or  noon,  and  then  the 
globe  be  turned  round  eaftward  on  its  axis  ; 
When  the  place  comes  to  the'  weflern  femicircle 
of  the  horizon,  the  index  will  (hew  the  time  of 
(bn-rinng  at  that  places  and  when  the  fame 
place  comes  to  the  eaftern  femicircle  of  the  hori^ 
xoh,  the  index  will  Ihev^  the  time  of  fun-let. 

To  thofe  places  which  do  not  go  under  the 
horizon,  the  fun  fets  not  on  that  day :  and  to 
thofe  which  do  not  come  above  it,  the  fun  does 
not  rife. 

PROBLEM    XVI. 

the  day  and  hour  of  a  lunar  ecUpfe  being  givew^  to 
find  all  thofe  places  of  the  earth  to  which  it  wiU         ^ 
bevifibk. 

The  moon  ia  never  eclipied  but  when  Ihe  is 

-ull,  and  fo  direAIy  oppofite  to  the  fun,  that  the 

T  2  earth's 
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earth's  Ihadow  falls  lipon  her.  Therefore,  what- 
ever place  of  the  earth  the  fun  is  vertical  to  s 
that  time,  the  moon  muft  be  vertical  to  the  anti- 
podes of  that  place  :  fo  that  the  fun  will  be  then 
vifible  to  one  half  of  the  earth,  and  the  roooa 
to  the  other. 

Find  the  place  to  which  the  fun  is  vertical  « 
the  given  hour  (by  Prob.  XIV.)  elevate  the  pole 
to  the  latitude  of  that  place,  and  bring  the  place 
to  the  upper  part  of  the  brafen  meridian,  as  in 
the  former  problem:  then,  as  the  fun  will  be 
vifible  to  all  thofe  parts  of  the  globe  which  are 
above  the  horizon,  the  moon  will  be  vifible  to  all 
thofe  pares  of  the  globe  which  are  below  it,  at 
the  time  of  her  greateft  obfcuration. 

But  with  regard  to  aneclipfeof  the  fun,  there 
is  no  fuch  thing  as  (hewing  to  what  places  it 
will  be  vifible,  with  any  degree  of  certainty,  by 
a  common  globe ;  becaufe  the  moon's  (hadow 
covers  but  a  fmall  portion  of  the  earth's  furface; 
and  her  latitude,  or  declination  from  the  eclip- 
tic, throws  her  (hadow  fo  varioufly  upon  the 
earth,  that  to  determine  the  places  on  which  it 
falls,  recourfe  muft  be  had  to  long  calculations. 

PROBLEM    XVII. 

To  reSfify  the  globe  for  the  latitude^  the  •  zenitb^ 
and  the  furCs  place. 

Find  the  latitude  of  the  place  (by  Prob.  I.)andif 
the  place  be  in  the  northern  hemisphere,  raife  the 
north  pole  above  the  north  point  of  the  horizoni 

*  The  xenith,  in  this  fcnfc,  11  the  higlieft  poiot  of  the  bra- 
fen meridian  above  the  horizon  ;  but  in  the  proper  fenfe 
it  is  that  point  of  the  heaven  which  is  direflly  vertical  to 
any  given  place,  at  any  given  inftant  of  time. 

as 
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as  many  degrees  (counted  from  the  pole  upon 
the  brafen  meridian)ias  are  equal  to  the  latitude 
of  the^place.  If  the  place  be  in  the  fouthern 
hemifphere,  raife  the  fouth  pole  above  the  fouth 
point  of  the  horizon,  as  many  degrees  as  are  equal 
to  the  latitude.  Then,  turn  the  globe  till  the 
place  comes  under  its  latitude  on  the  brafen 
meridian,  and  fallen  the  quadrant  of  altitude  fo, 
that  the  chamfered  edge  of  its  nut  (which  is 
even  with  the  graduated  edge)  may  be  joined 
to  the  zenith^  or  point  of  latitude.  This  done, 
bring  the  fun*s  place  in  the  ecliptic  for  the  given 
day^  (found  by  Prob.  X.)  to  the  graduated  fide  • 
of  tlie  brafen  meridian,  and  fet  the  hour- index  to 
XII.  at  noon,  which  is  the  uppermoll  XII  on  the 
hour-circle ;  and  the  globe  will  be  rcAified. 

The  latitude  of  any  place  is  equal  to  the  ele-  Remark* 
vation  of  the  neareft  pole  of  the  heavetl  above 
the  horizon  of  that  place ;  and  the  poles  of 
the  heaven  are  diredtly  over  the  poles  of  the 
earth,  each  90  degrees  from  the  equinoc- 
tial line.  Let  us  be  upon  what  place  of  the 
earth  we  will,  if  the  limits  of  our  view  be  not 
intercepted  by  hills,  we  (hall  fee  one  half  of  the  , 
heaven,  or  90  degrees  every  way  round,  from 
that  point  which  is  over  our  heads.  Therefore, 
if  we  were  upon  the  equator,  the  poles  of  the 
heaven  would  lie  in  our  horizon,  or  limit  of  our 
view:  if  we  go  from  the  equator,  towards  either 
pole  of  the  earth,  we  (hall  fee  the  corrcfponding 
pole  of  the  heaven  rifing  gradually  above  our 
horizon,  jufl:  as  many  degrees  as  we  have  gone 
from  the  equator :  and  if  we  were  at  either  of 
the  earth's  poles,  the  corrcfponding  pole  of  the 
heaven  would  be  dire£tly  over  our  head.  Con- 
fe^uently,  the  elevation  or  height  of  the  pole  in 
T  3  degrees 
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degrees  above  the  horizon,   is  c^al  to 
number  of  degrees  that  the  place  is  from 

equator. 

PROBLEM   XVIII. 

The  latitude  of  a,fy  flace^  not  exceeding  •66^  k* 
grees^  and  the  day  of  the  month,  being  given -,  k ' 
find  the  time  offun-rijing  and  felting^  and  ccufc' 
quently  th$  length  of  the  day  and  night. 

Haying  reftified  the  globe  for  the  latitude 
and  for  the  fun's  place  on  the  given  day  (as  di- 
redted  in  the  preceding  problem)  bring  the  fun's 
place  in  the  ecliptic  to  the  eaftern  fide  of  the  ho- 
rizon, and  the  hour-index  will  (hew  the  time  cf 
fun-rifing;  then  turn  the  globe  on  its  axis,  until 
the  fun's  place  comes  to  the  wcftern  fide  of  the 
horizon,  and  the  index  will  (hew  the  time  of  fun* 
fetting. 

The  hour  of  fun-fctting  doubled,  gives  the 
length  of  the  day  ;  and  the  hour  of  lun-rifiag 
doubled  gives  the  length  pf  the  hight. 

P  R  O  B  J.  E  M   JflX. 

^he  latitude  of  any  flace^  and  the  day  of  the  months 
bcivg  given  ;  to  find  when  the  morning  twilight 
bigiyJSy  and  the  evening  twilight  ends^   at  that 

place. 

This  ploblem  is  ofren  limited  ;  for,  when  the 
fun  does  not  go  1 8  degrees  below  the  horizon, 
the  twilight  continues  the  whole  night  •,.  and  for 

♦  All  places  whofe  laiirude  is  mort»  than  66^  degrecj,  are 
in  the  frigid  zor.eb :  and  to  thoic  places  the  fuQ  does  not 
ict  in  I'umnicr,  for  a  certa:n  r.Dir.bcr  of  diurnal  revolutions, 
which  occaiions  this  limitation  of  Jajcude. 

fcvcral 
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if.  feveral  nights  together  in  fummer,  between  49 

i  and  66-^  degrees  of  latitude :   and  the  nearer 

to  66\-^  the  greater  is  the  number  of  thefe  nights. 

But  when  it  does  begin  and  end,  the  follow- 

1  jng  method  will  fhew  the  time  for  any  given 

day. 

■       Reflify  the  globe,  and  bring  the  fun's  place  in 

f    the  ecliptic  to  the  eaftern  fide  of  the  hoi-izon ; 

then  mark  that  point  of  the  ecliptic  with  a  chalk 

which  is  in  the  weftern  fide  of  the  horizon,  it  be-* 

ing  the  point  oppofite  to  the  fun's  place  :  this 

done,  lay  the  quadrant  of  altitude  over  the  faid 

,   point,  and  turn  th^  globe  eafi:ward,  keeping  the 

3uadrantat  the  chalk- mark,  until  it  is  juft  18 
egrees  high  on  the  quadrant;  and  the  ihdex 
will  point  out  the  time  when  the  mornine  twi- 
light begins  :  for  the  fun's  place  will  then  be  i& 
degrees  below  the  eaftern  fide  of  the  horizon. 
To  find  the  time  when  the  evening  twilight 
ends,  bring  the  fun's  place  to  the  weftern  fide 
of  the  horizon,  and  the  point  oppofite  to  it, 
which  was  marked  with  the  chalk,  will  be  rifing 
in  the  eaft :  then,  bring  the  quadrant  over  that 
point,  and  keeping  it  thereon,  turn  the  globe 
weft  ward,  until  the  Taid  point  be  18  degrees 
above  the  horizon  on  the  quadrant,  and  the  in- 
dtHC  will  ftiew  the  time  when  the  evening  twi- 
light iends  ;  the  fun's  place  being  then  18  degrees 
bplow  the  weftern  fide  of  the  horizon. 


T4  PRO- 
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PROBLEM    XX. 

To  find  on  what  day  of  tbeyeir  the  fun  iepmU  1 
Jhine  conftantly  without  fittings   on  any  groa  1 
place  in  tke  north  frigid  zone ;  and  bow  long  k 
continues  to  do  fo. 

Rectify  the  globe  to  the  latitude  of  the  place, 
$nd  turn  it  abput  until  fome  point  of  the  eclip- 
tic, between  Aries  and  Cancer^  coincides  with 
the  north  point  of  the  horizon  where  the  brafcn 
meridian   cuts   it :   then   find,  on  the  wooden 
horizon,  what  day  of  the  year  the  fun  is  in  that 
point  of  the  ecliptic;  for  that  is  the  day  on 
which  the  fun  begins  to  (bine  conftantly  on  the 
given  place,  without  fetting.     This  done,  turn 
the  globe  until  fome  point  of  the  ecliptic,  be- 
tween Cancer   and   Libra^    coincides   with  the 
north  point  of  the  horizon,  where   the   brafen 
meridian   cuts   it ;   and  find,   on   the   wooden 
horizon,  on  what  day  the  fun  is  in  that  point  of 
the  ecliptic ;  which  is  the  day  that  the  fun  leaves 
oflf  conftantly  fliining  on  the  faid  place,  and  rifes 
and  fets  to  it  as  to  other  places  on  the  globe* 
The  number  of  natural  days,  or  complete  re- 
volutions of  the  fun  about  the  earth,  between 
the  two  days  above  found,  is  the  time  that  the 
fun  keeps  conftantly  above  the  horizon  without 
fetting  :  for  all  the  portion  of  the  ecliptic,  that 
lies  between  the  two  points  which  interfcft  the 
horizon  in  the  very  north,  never  fets  below  it : 
and  there  is  juft  as  much  of  the  oppofite  part  of 
the^ccliptic  that  never  rifes ;  therefore,  the  fun 
will  keep  as  long  conftantly  below  the  horizon 
in  winter,  as  above  it  in  fummer. 

%  Whoevep 
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Whoever  confidcrs  the  globe,  will  find,  that 
all  places  of  the  earth  do  oqually  enjoy  the  bene- 
fit of  the  fun,  in  refpedt  of  time,  and  are  equally 
■i  deprived  of  it.    For,  the  days  and  nights  are 
J  always  equally  long  at  the  equator :  and  in  all 
n  places  that  have  latitude,  the  days  at  one  time 
of  the  year  are  exadbly  equal  to  the  nights  atthe 
oppofite  feafon, 

PROBLEM    XXJ. 

^0  find  in  tvbat  latUude  the  fun  Jhines  conjlantfy 
without  fettingy  for  anydengtb  of  time  lefs  than   • 

*  I'izisof  OUT  days  and  nigbts. 

Find  a  point  in  the  ecliptic  half  as  many  de* 
grces  from  the  beginning  of  Cancer  (cither  to- 
wards jlries  or  Libra)  zs  there  are  +  natural  days 
in  the  time  given  ;  and  bring  that  point  to  the 
north  fide  of  the  brafen  meridian,  on  which  the 
'  degrees  arc  numbered  from  the  pole  towards 
the  equator :  then,  keep  the  globe  from  turning 
on  its  axis,  and  Aide  the  oieridian  up  or  down, 
until  the  forefaid  point  of  the  ecliptic  comet 
to  the  north  point  of  the  horizon,  and  then,  the 
elevation  of  the  pole  will  be  equal  to  the  latitude 
required. 

*  The  reafon  of  this  limitation  is,  that  182^  of  oar  dayi 
and  nights  make  half  a  year,  which  is  the  longeil  time  that 
the  fun  (hipes  without  fetting»  even  at  the  poles  of  the 
earth. 

f  A  natnral  day  conuins  the  whole  24  hoars :  an  arti- 
^cial  day»  the  time  that  tjie  fun  is  above  the  horizon. 


PUD- 
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PROBLEM    XXII. 

The  latitude  cf  a  place ^  not  exceeding  66^  degrea^ 
and  the  da)\  of  the  month  being  given  \  to  Jkd 
the  fwts  amplitude^  or  point  of  the  compafs  en 
which  be  rifes  or  fets  on  that  day. 

Rc(5lify  the  globe,  and  bring  the  fun's  place 
to  the  eallern  fide  of  the  horizon ;  then  obfervc 
what  point  of  the  compafs  on  the  horizon  ftands 
right  againft  the  fun*s  place,  for  that  is  his 
amplitude  at  rrfing.  This  done,  turn  the  globe 
weftward,  until  the  fun's  place  comes  to  the 
wcftern  fide  of  the  horizon,  and  it  will  cut  the 
point  of  his  amplitude  at  fetting.  Or,  yoii  may 
count  the  rifing  amplitude  in  degrees,  from  the 
cad  point  of  the  horizon,  to  that  pmnt  where 
the  fun's  place  cuts  it ;  and  the  fetting  ampli- 
tude, from  the  weft  point  of  the  horizon,  to  the 
fun's  place  at  fetting. 

PROBLEM    XXIIl. 

The  latitude^  the  fun's  place^  and  bis*  allitude^ 
being  given ;  to  find  the  hour  of  the  day^  and  the 
fun's  azimuth  J  or  number  of  degrees  thai  be  is 
dijiant  from  the  meridian. 

Reftify  the  globe,  and  bring  the  fun*s  place 
to  the  given  height  upon  the  quadrant  of  alti- 
tude -,  on  the  eaftern  fidt  of  the  horizon,  if  the 
time  be  in  the  forenoon  ;  or  the  wcftern  fide,  if 

•  The  fun's  altitude,  at  any  time,  is  his  height  in  degrees 
above  the  horizon  at  that  time, 

it 
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if;  be  in  the  afternoon  :   then,   the  index  will 
^fhew  the  hour;  and  the  number  of  degrees  in 

the  horizon  intercepted  between  the  quadrant  of 
^-  altitude  and  the  fouth  pointy  will  be  the  fun's 

>|aroc  azinutth  at  that  time. 

N.  B.  Always  when  the  quadrant  of  altitude 

^S  mentioned  in  working  any  problem,  the  gra- 
duated edge  of  it  is  meant. 

If  this  be  done  at  fea,  and  compared  with  the 
'  'Xun*s  azimuth,  as  (hewn  by  the  compafs,  if  they 
-  'agree,  the  compafs  has  no  variation  in  that  place ; 

but  if  they  difier,  the  compafs  does  vary  i  and 

the  variation  is  equal  to  this  difi^rence. 

PROBLEM    XXIV. 

Tbi  latitude^  hour  of  the  day^  and  the  futCs  pkce^ 
being  given  i  to  find  the  fun^s  aUitude  and 
azimuib. 

ReAify  the  globe,  and  turo  it  until  the  in* 
dex  points  to  the  given  hour  \  then  lay  the  qua- 
drant of  altitude  over  the  fun's  place  in  the 
ecliptic,  and  the  degree  of  the  quadrant  cue  by 
the  fun's  place  is  his  altitude  at  that  time  above 
the  horizon ;  and  the  degree  of  the  horizon  cut 
by  the  quadrant  is  the  fun's  azimuth,  reckoned 
from  the  Ibuth. 


PRO- 
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PROBLEM    XXV. 

^be  latitude^  the  furis  altitude^  and  bis  tfZflBdi 
hmg  given ;  So  find  bis  place  in  the  ecliptic^  dEl 
day  of  tbe  monSby  and  hour  of  the  daj^  ibng\ 

tbey  bad  all  been  lofi. 

RcAify  the  globe  for  the  latitude  and  *  zenidi,] 
and  fct  the  quadrant  of  altitude  to  the  givea] 
azimuth  in  the  horizon  -,  keeping  it  there,  tun  I 
the  globe  on  its  axis  until  the  ecliptic  cuts  dx  | 
quadrant  in  the  given  altitude :  that  point  (rf 
the  ecliptic  which  cuts  the  quadrant  there,  inll  I 
be  the  fun's  place ;  and  the  day  of  the  month 
anfwering  thereto,  will  be  found  over  the  like 
place  of  the  fun  on  the  wooden  horizon.  Keep 
the  quadrant  of  altitude  in  that  pofition.  and 
having  brought  the  fun's  place  to  the  brafen 
meridian,  and  the  hour  index  to  XII  at  noon, 
turn  back  the  globe,  until  the  fun's  place  cuts 
the  quadrant  of  altitude  again,. and  the  index 
will  (hew  the  hour. 

Any  two  points  of  the  ecliptic  which  are 
equidiftant  from  the  beginning  of  Cancer  or  of 
Capricorn^  will  have  the  fame  altitude  and  azi- 
muth at  the  fame  hour,  though  the  months  be 
different ;  and  therefore  it  requires  fome  care  in 
this  problem,  not  to  miftake  both  the  month, 
and  the  day  of  the  month  ;  to  avoid  which  ob- 
ferve,  that  from  the  20th  of  March  to  the  21ft 
of  June,  that  part  of  the  ecliptic  which  is  be- 

•  By  rc^lifyxng  the  globe  for  the  zenith,  if  meant  Shew- 
ing the  quadrant  of  altitude  lo  the  given  latitude  on  the 
Wafs  meridian. 

twecn 
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twecn  the  beginning  of  Aries  and  beginning  of 
^  Cancer  is  to  be  ufed  :  from  the  2 id  of  June  to 
'  the  23d  of  September,  between  the  beginning 
of  Cancer  and  beginning  of  Libra:  from  the 
a  3d  of  September  to  the  21ft  of  December, 
between  the  beginning  of  Libra  and  the  begin- 
ning of  Capricorn  5  and  from  the  2 id  of  Decem- 
ber to  the  20th  of  March,  between  the  bcgin- 
nining  of  Capricorn  and  beginning  oi  Aries.  And 
as  one  can  never  be  at  a  lofs  to  know  in  what 
quarter  of  the  year  he  takes  the  fun's  altitude 
and  azimuth^  the  above  caution  with  regard  to 
the  quarters  of  the  ecliptic,  will  keep  him  right 
as  to  the  month  and  day  thereof. 

PROBLEM   XXVI. 

fV  find  the  length  of  the  longeft  day  at  atrf  given 
place. 

If  the  place  be  on  the  north  fide  of  the  equa- 
tor, find  its  latitude  (by  Prob.  L)  and  elevate 
the  north  pole  to  that  latitude ;  then,  bring  the 
beginning  of  Cancer  a  to  the  brafen  meridian, 
and  fee  the  hour-index  to  XII  at  noon.  But  if 
the  given  place  be  on  the  fouth  fide  of  the 
equator,  elevate  the  fouth  pole*  to  its  latitude, 
and  bring  the  beginning  of  Capricorn  Vf  to  the 
brafs  meridian,  and  the  hour-index  to  Xlf. 
This  done,  turn  the  globe  weftward,  until  the 
beginning  of  Cancer  or  Capricorn  (as  the  latitude 
is  north  or  fouth)  comes  to  the  horizon ;  and 
the  index  will  then  point  out  the  time  of  fun- 
fetting,  for  it  will  have  gone  over  all  the  after- 
noon   hours,    between    mid-day   and  fun-fct^ 

whic^ 
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which  kngth  of  time  being  doubled,  will  ^ve 
the  whole  length  of  the  day,  froni  fun-rifing  to 
fiin-fecting.  For,  in  all  ]atitude$,  the  fun  rifes 
as  long  before  mid  day,  as  he  lets  after  iu 


PROBLEM   XXVIL 

To  Jind  in  what  latitude  the  longe/t  day  is  rf  owf 
given  length  lefs  than  24  bonrs. 

If  the  latitude  be  north,  bring  the  beginning 
of  Camer  to  the  brafen  meridian^  and  elevate 
the  north  pole  to  about  66^  degrees ;   but  if 
the  latitude  be  fouth,  bring  the  beginning  of 
Capricorn  to  the  meridiani  and  elevate  the  fouth 
pole  to  about  66 j^  degrees  ;  becaufe  the  longeft 
day  in  north  latitude,  is  when  the  fun  is  in  the 
firft  point  of  Cancer  \   and  in  fouth  latitude, 
when  he  is  in  the  firft  point  of  Capricorn.    Then 
fet  the  hour-index  to  XII  at  noon,  and  turn  the 
globe  weftward,  until  the  index  points  at  half 
the  number  of  hours  given  :  which  done,  keep 
the  plobe  from  turning  on  its  axis,  and  flide  the 
meridian  down  in  the  notches,  until  the  afbir- 
feid  point  of  the  ecliptic  (viz.  Cancer  or  Capri- 
corn) comes  to  the  horizon  -,  then,  the  elevation 
of  the  pole  will  be  equal  to  the  latitude  re- 
qui]:ed. 


PRO- 
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*:  PROBLEM    XXVIII.    • 

t^R&^  latitude  of  any  place^  not  exceeding  66^  de- 
grees being  given  j  to  find  in  what  *  climate  the 
place  is. 

Find  the  length  of  the  longcft  day  at  the 
given  place  by  Prob,  XXVI.  and  whatever  be 
Che  number  of  hours  whereby  it  excecdeth 
twelve^  double  that  nuri^ber,  and  the  fum  will 
aofwer  €o  the  climate  in  which  the  place  is« 

PROBLEM    XXIX. 

^be  latitude^  and  the  day  of  the  months  being  giveni 
to  find  the  hour  of  the  day  when  thefunfibines. 

Set  the  wooden  horizon  truly  level,  and  the 
brafen  meridian  due  north  and  fouth  by  a  ma- 
riner*s  compa{s:  then,  having  rectified  the 
globe,  ftick  a  fmall  fewing-needle  into  the  fun's 
place  in  the  ecliptic,  perpendicular  to  that  pare 
of  the  furface  of  the  globe :  this  done,  turn  the 
globe  on  its  axis,  until  the  needle  comes  to  the 
brafen  meridian,  and  fet  the  hour-index  to  XII    > 

*  A  elipiatiy  from  the  equator  to  either  of  the  polar  cir« 
des,  is  a  uafl  of  the  earth*s  furface^  included  between  two 
fucb  parallels  of  latitude,  that  the  length  of  the  longed  day 
in  the  one  exceeds  that  in  the  other  by  half  an  hour;  but 
from  the  polar  circles  to  the  poles,  where  the  fun  keeps  long 
above  the  borizoa  without  fetting,  each  climate  differs  a 
whole  month  from  the  one  next  to  it.  There  are  twenty- 
four  climates  between  the  equator  and  each  of  the  polar  cir* 
«les ;  and  fix  from  each  polar  circle  to  its  refpeftive  pole. 

at 
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at  noon ;  then,  turn  the  globe  on  its  axis,  until 
the  needle  points  exa£t)y  towards  the  fun  (which 
it  will  do  when  it  calls  no  Ihadow  on  the  globe) 
and  the  index  will  (hew  the  hour  of  the  day. 

PROBLEM   XXX. 

jt  pkafant  way  of  fliewing  all  thofe  places  of  tb: 
earth  which  are  enlightened  by  the  fun^  and  alfo 
the  time  of  the  day  when  the  funfhines. 

Take  the  terreftrial  ball  out  of  the  wooden 
horizon,  and  alfo  out  of  the  brafen  meridian ; 
then  fet  it  upon  a  pedeftal  in  fun-fliine,  in  fuch 
,  a  manner,  that  its  north  pole  may  point  diredly 
towards  the  north  pole  of  the  heaven,  and  the 
meridian  of  the  place  where  you  are  be  diredly 
towards  the  fouth.  Then,*  the  fun  will  (hine 
upon  all  tlie  like  places  of  the  globe,  that  he 
does  on  the  real  earth,  rifing  to  fome  when  be 
is  fetting  to  others  ;  as  you  may  perceive  by  that 
part  where  the  enlightened  half  of  the  globe  is 
divided  from  the  half  in  the  (hade,  by  the 
boundary  of  the  light  and  darknefs  :  all  thofe 
places,  on  which  the  fun  fliines,  at  any  time, 
having  day ;  and  all  thofe,  on  which  he  does 
not  fliine,  having  night. 

If  a  narrow  flip  of  paper  be  put  round  thz 
equator,  and  divided  into  24  equal  parts,  be- 
ginning at  the  meridian  of  your  place,  and  the 
hours  be  fct  to  thofe  divifions  in  fuch  a  manner, 
that  one  of  the  VFs  may  be  upon  your-meri- 
dian  ;  the  fun  being  upon  that  meridian  at  noon, 
will  then  fliine  cxadtly  to  the  two  XIPs  -,  and  at 
one  o'clock  to  the  two  Ts,  &c.    So  that  the 

place, 
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ftlace,  where  the  enlightened  half  of  the  globe 
^  parted  from  the  (haded  half,  in  this  circle  of 
^ours,  will  (hew  the  time  of  the  day. 

The  principles  of  dialing  (hall  be  explained 
Farther  on,  by  the  terrcftrial  globe,  Atprefenc 
we  (hall  only  add  the  following  obfervations 
i^on  it  i  and  then  proceed  to  the  ufe  of  the  ce- 
kftial  globe. 

1.  ^be  htitude  of  any  place  is  equal  to  the  ele- 
%;ation  of  tbtpole  above  the  korixon  of  that  place^ 
and  the  elevation  of  the  equator  is  equal  to  the  com- 
pUment  of  the  latitude^  that  is^  to  what  the  latituds 
wants  of  90  degrees. 

2.  7hdfe  places  which  lie  on  the  equator,  have  no 
latitude,  it  being  there  that  the  latitude  begins  ;  and 
thofe  places  which  lie  on  the  firft  meridian  have 
no  longitude^  it  being  there  thai  the  longitude  be- 
gins. Confequently,  that  particular  place  of  the  earth 
where  the  frji  meridian  interfeffs  the  equator,  has 
neither  longitude  nor  latitude. 

3.  At  all  places  of  the  earth,  except  the  poles^ 
all  the  points  of  the  compafs  may  be  dijlingui/hed  in 
the  horizon :  but  from  the  north  pole,  every  place 
is  fouth ;  and  from  the  fouth  pole,  every  place 
is  north,  therefore,  as  the  fun  is  conflantly  above 
the  horizon  of  each  pole  for  half  a  year  in  its  tum^ 
be  cannot  be  faid  to  depart  from  the  meridian  of 
either  pole  for  half  a  year  together.  Confequently, 
at  the  north  pole  it  may  be  faid  to  be  noon  every 
moment  for  half  a  year  \  and  let  the  winds  blow 
from  what  part  they  will,  they  muft  always  blow 
from  the  fouth  5  and  at  the  fouth  pole,  from  the 
north. 

4.  Becaufe  one  half  of  the  ecliptic  is  above  the 
horizon  of  the  pole,  and  the  fun,  moon,  and  planets 
move  in  (or  nearly  in)  the  ecliptic  \  they  will  all 

U  rife 
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rife  and  fif  to  ibe  poles.  Buty  beemmfe  the  jtm 
never  change  their  iedinations  fram  ibe  equate  {41 
leaft  not  Jenfibly  in  €m  age)  tbofe  which  are  mt 
above  the  horizon  of  either  pok^  never  fei  below  it-, 
and  tbofe  which  are  once  belam  ii^  never  rife, 

f ,  M  places  of  the  earth  do  equally  enjoy  the  h 
nefit  of  the  fun^  in  refpeS  of  time^  and  are  eju^ 
deprived  of  it, 

6.  Jill  places  upon  the  equat&r  have  their  di^s 
and  nights  equally  long^  that  is^  1  %  b^urs  eacb^  d 
all  times  of  the  year.  For  although  the  fun  declina 
alternately y  from  the  equator  towards  ite  north  ad 
towards  tbefouthy  yet^  as  the  hcrixm  tf  the  ejui- 
tor  cuts  all  the  parallels  of  latitude  and  dec/inatim 
in  halves^  the  fun  muft  always  continue  above  the 
horizon  for  one  half  a  diurnal  revolmion  about  the 
earthy  crJ  for  the  other  half  beUw  ii. 

7.  fFhen  the  fun*  s  declination  is  greater  than  the 
latitude  of  any  place^  upon  either  fide  of  ihe  equator^ 
the  fun  will  come  twice  to  the  feme  azimuth  or  point 

■  of  the  compafs  in  the  forenoon^  at  that  flace^  end 
twice  to  a  like  aztniufh  in  the  afternoon  ;  that  is^ 
he  will  go  twice  back  every  day^  whilfi  his  decKna- 
tion  continues  to  be  greater  than  the  latitude.  Tbus^ 
fuppofe  the  glebe  reSlified  to  the  latitude  of  Barba- 
does,  which  is  1 3  degrees  north ;  and  the  fun  to  h 
any  where  tn  the  ecliptic^  between  the  middle  tf 
Taurus  and  middle  of  Leo  -,  if  the  quadrant  of  al- 
titude be  fet  to  about  ♦  1 8  degrees  north  of  the  eajt 
in  the  horizorj^  the  fun^s  place  be  marked  with  s- 
chalk  upon  the  ecliptic,  aud  the  globe  be  then  turned 
wejiward  on  its  axis,  the  f aid  mark  will  rife  in  the 
horizon  a  little  to  the  north  of  the  quqdrant^  and 
thence  afcending,  it  will  crcfs  the  quadrant  towards 

*  From  the  middle  of  Gemini  to  tbt  middle  of  Caoccr» 
the  qaadr?nt  may  be  fet  so  degrees. 

tU 
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tbt  fvutb  5  but  before  it  arrives  at  the  meridian^  it 
iDtll  crofs  the' quadrant  again^  and  pafs  over  the 
meridian  northward  of  Barbadoes.  And  if  the 
quadrant  be  fit  about  1 8  degrees  north  of  the  weft^ 
the  fuiCs  place  'xill  crofs  it  iwice^  as  it  defcendsfrom 
ibe  meridian  towards  the  horizon^  in  the  after- 
noon. 

8.  In  all  places  of  the  earth  between  the  equate 
end  poles ^  the  doj/s  and  nights  are  equally  long^  viz. 
12  hours  eacb^  when  the  fun  is  in  the  equinoSiaf: 

for^  in  all  elevations  of  the  pole^  Jhort  of  90  de- 
ff-ees  (which  is  the  greateft)  one  half  of  the  equator 
#r  equinoSial  wiU  be  above  the  horizon^  and  the 
iDtber  half  below  it. 

9.  The  days  and  nights  are  never  of  an  equal 
iengtb  at  ainy  place  between  the  equator  and  polar 
circles^  but  when  the  fun  enters  the  figns  nr  Aries 
jond  A  Libra.     For  in  every  other  part  of  the 

ecl^ticy  the  circle  of  the  fwCs  daily  motion  is  d^ided 
into  two  unequal  parts  ly  the  horizon* 

I  o.  Tbfi  nearer  4ba$  any  pUui  is  to  the  equator ^ 
ibeUfsistbe  difference  between  the  length  of  thf  dfiys 
and  nights  in  that  place  \  and  the  piorf  remote^ 
the  contrary.  The  circles  which  the  fun  defcribes 
in  the  heaven  every  24  hours,,  being  cut  more  nearly 
equal  in  the  former  eafe,  and  more  unequally  in  the 
latur. 

II.  In  all  places  lying  uppn  any  given  p^raUfl 

af  latitude^  howrjer  long  or  Jbcrt  the  day  or  night 

he  at  Mf  one  of  ihefe  places^  at  any  time  of  the 

yeoTy  it  is  then  of  the  fame  length  at  all  the  reft  \ 

for  .im  turning  ihe  globe  round  its  axis  (when  re3i- 

JUd  according  to  the  fun's  declination)  all  fhefe 

places  will  keep  equally  long  above  or  below  the 

horizon. 

I  a.  "The  fun  is  vertical  twice  a  year  to  every 

place  between  the  tropics  i  to  tbofe  under  the  tropics^ 

U  2  once 
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once  ayeavy  but  never  any  wbert  el/e^  F&r^  thm 
can  bi  ng  place  beiwem  the  irapks^  kut  that  ibm 
will  be  tw^  points  in  the  ecliptic^  wbafe  declinatm 
from  the  equator  is  equal  to  the  l^itude  of  tbtt 
place  V  and  but  one  point  of  the  ecliptic  nnbicb  bm& 
declination  equal  to  the  latitude  of  places  on  tk 
tropic  which  that  point  of  the  ecliptic  touches  \  oMi 
as  the  fun  never  goes  without  the  tropics^  be  m 
never  be  vertical  to  any  place  thai  lies  xtntboH 
them. 

13.  TV  all  places  in  the  •  torrid  zane^  the  duro- 
ticn  of  the  twilight  is  leafty  hecaufe  the  futfs  deSt^ 
motion  is  the  mofi  perpendicular  to  the  bariztm.  b 
the  frigid  +  zones^  great  eft ;  becaufe  the  fwis  dsilf 
motion  is  nearly  parallel  to  the  borixon ;  and  there- 
fore be  is  the  longer  of  getting  18  degrees  below  it 
(till  which  time  the  twilight  always  continues.) 
And  in  the  J  temperate  zones  it  is  at  a  medium  be- 
tween  the  two^  becaufe  the  obliquity  of  the  fnifs 
daily  motion  is  fo. 

14.  In  all  places  lying  exaUfy  under  the  polar 
circles^  the  fun^  when  he  is  in  the  neareft  tropic^ 
continues  24  hours  above  the  horizon  without  Jet* 
ting  V  becaufe  no  part  of  that  tropic  is  below  their 
horizon.  And  when  the  fun  is  in  the  fartbeji 
tropic^  he  is  for  the  fame  length  of  time  witlmt 
rifing  -,  becaufe  no  part  of  that  tropic  is  above  their 
horizon.  But^  at  all  other  times  of  the  year^  be 
rifes  and  fets  therCy  as  in  other  places  \  becaufe  eil 
the  circles  that  can  be  drawn  parallel  to  the  equator^ 
between  the  tropics^  are  more  or  lefs  cut  by  the 
horizon^  as  they  are  farther  from^  or  nearer  to^ 
that  tropic  which  is  all  above  the  horizon:  and 

•  Between  the  tropics. 

f  Between  the  polar  circles  tod  polei , 

t  Between  the  tropici  and  polar  circles. 

when 
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xMfben  the  fun  is  not  in  either  of  the  tropics^  his 
diurnal  courfe  muft  be  in  one  or  other  of  thefe 
circles. 

15.  To  all  places  in  the  northern  hemifphete^ 
from  the  equator  to  the  polar  circle^  the  longeft  day 
andfharteft  night  is  when  the  fun  is  in  the  northern 
tropic ;  and  the  fhorteft  day  and  longeft  night  is 
xvhen  the  fun  is  in  the  fouthern  tropic  y  becaufe  no 
circle  of  the  fun^s  daily  motion  is  fo  much  above  the 
bcrixon^  and  fo  little  below  it^  as  the  northern  tro* 
pic  \  and  nonefo  little  above  it^  andfo  much  below 
it^  as  the  fouthern.  In  the  fouthern  bemifphere^ 
the  contrary.  > 

1 6.  In  all  places  between  the  polar  circles  and 
poles  J  the  fun  appears  forfome  number  of  days  {or 
rather  diurnal  revolutions)  without  fetting  \  and  at 
the  oppofite  time  of  the  year  without  rifing ;  becaufe 
fame  part  of  the  ecliptic  never  fets  in  the  former 
cafcy  and  as  much  of\  the  oppofite  part  never  rifes  in 
the  latter.  And  the  nearer  untOy  or  the  more  re- 
mote  from  the  pole^  thefe  places  are^  the  longer  or 

Jhorter  is  the  furCs  continuing  prefence  or  abfence. 

\y.  If  a  fhip  fets  out  from  any  port^  and  fails 
round  the  earth  eaftward  to  the  fame  port  again^ 
let  her  take  what  time  fie  will  to  do  it  in^  the 
people  in  that  fhip^  in  reckoning  their  time^  will 
gain  one  tomplete  day  at  their  return^  or  count  one 
day  more  than  thofe  who  refide  at  the  fame  port ; 
becaufe^  by  going  contrary  to  thefutfs  diurnal  motion^ 
and  being  forwarder  every  evening  than  they  were 
in  the  mornings  their  horizon  will  get  fo  much  the 
fooner  above  the  fetting  fun^  than  if  they  had  kept 
for  a  whole  day  at  any  particular  place.  And  thus^ 
by  cutting  off  a  part  proportionable  to  their  own 
motion^  from  the  leftgth  of  every  day^  they  will 
gain  a  complete  day  of  that  fort  at  their  return  \ 
without  gatning  one  moment  of  abfolute  time  mare 
U  3  than 
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tban  is  ilapfed  during  iheir  tmrfi^  i§  ih  pHfti 
Hi  tbe  fort.  If  ibiy  [ml  weftward^  ihffy^  will  ra- 
ken  ^nc  day  kfs  than  the  people  dp  nmbo  tejiii  A 
the  Jaid  pori^  hecaufi  by  gradually  failowtng  tk 
pppartnt  diurnnl  motion  of  the  fun^  ibey  will  k&f 
bim  €ach  particular  day  fa  much  longer  ^iove  Sh^ 
borizon^  as  anfwers  to  that  datfs  cQUrfe  %  and  ^ 
that  memts^  they  cut  off  a  whole  d^  in  nekomi^y 
at  their  return^  ^without  lojtng  one  momeni  of  d- 
folu/e  time. 

Hence^  if  two  fhips  fhould  fct  out  at  the  Jem 
time  from  any  port^  and  fail  round  the  gLbe^  w 
eaf^ard  and  the  other  wejiward^  fo  as  to  meet  et 
the  fame  port  on  any  day  whatever  ;  tbey  vrill  differ 
tti'O  days  in  reckoning  their  time^  at  their  return. 
If  they  fail  twice  round  the  earthy  they  will  differ 
four  days  j  //  thrice,  tken/Xy  6ff. 

L  E  C  T.  IX. 

The  ufe  of   the    cclfflial  glcbe^    and    armillary 

fpbere. 

Thcceff/-  jj  A  V  I  NG  done  for  the  prefcnt  with  the 
iiu/^/96^.  |-|    tcrreilrial  glubc,  we  (hall  proceed  to  the 
life  of  tijc  cclcfciali  firft  premifing,  that  as  the 
equator,   ecjipric,   tropics,  polar  circles,   hori- 
zon, and  brafcn  riiCridian,  arq  exactly  alike  on 
both  globes,  ail  tiie  former  problems  concern- 
ing the  fun  are  folved  the  fame  way  by  both 
Torecli-  globes.      The   method  alfo  of  redifying  the 
fy  it.        celeftial  globe  is  the  fame  as  redifying  the  tcr- 
rcftrial,  viz.  Elevate  the  pole  according  to  the 
latitude  of  your  place,  then  fcrqw  the  quadrant 
of  altitude  to  the  zenith,  on  the  brafs  meridian  5 
bring   the   fun's   place   in  the  ecliptic  to  the 
graduated  edge  of  the  brafs  nieridian,  on  the 

fide 
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fide  which  is  above  the  fouth  point  of  the 
Yvoodea  horizon,  and  fee  the  hour-index  to  the 
uppermoft  XII,  which  (lands  for  noon. 

rf*  B.  The  fun's  place  for  any  day  of  the 
year  ftartds  dirtdly  over  chat  day  on  the  hori- 
zon of  the  celellial  globe,  as  it  does  on  (hat  of 
chc  tcrreftrial. 

The  latitude  and  hngitkde  of  the  ftars,  and  oilatitudt 
all  other  celeftial  phenomena,  are  reckoned  in  a  and^*^/ 
very  different  manner  from  the  latitude  and!J]^^^^^^ 
longitude  of  places  on  the  earth  :  for  all  terrcf-      '* 
trial  latitudes  are  reckoned  from  the  equator  1 
and  longitudes  from  the  meridian  of  fome  re- 
markable place,  as  of  London  by  the  Britifii, 
and  of  Paris  by  the  French ;  though  moft  of 
the  French  maps  begin  their  longitude  at  the 

meridian  of  the  ifland  Ferro. Buc  the  aftro- 

non^ers  of  all  nations  agree  in  reckoning  the 
latitudis  of  the  moon,  ftars,  planets,  and  comets, 
from  the  eclftic  -,  and  their  longitudes  from  the 
*  equino3ial  colure^  in  that  femicircle  of  it  which 
cuts  the  ecliptic  at  the  beginning  of  Aries  t  ; 
and  thence  eaftward,  quite  round,  to  the  fame 
femicircle  again.  Confequenlty  thofe  ftars  which 
lie  between  the  equinoctial  and  the  northern 
half  of  the  ecliptic,  have  north  declination  and 
^uth  latitude;  thofe  which  lie  between  the 
equinoctial  and  the  fouthem  half  of  the  ecliptic, 
have  ibuth  declination  and  north  latitude  %  and 

^  nigrmt  cireli  that  pafib  through  the  ifMim^aial  f»imtt 
At  the  bcgioDiDg  of  t  and  i^,  and  through  the  p^Us  •/ 
tki  tvtrU  (which  are  two  oppolite  points,  each  90  degrees 
from  the  equino^al)  is  called  the  efmimsMd  €§lurt :  and  the  , 
ffr§^  cireli  that  pafles  throagh  the  iegimuMg  •/  sB  and  lcf»  ^w'W'* 
aod  alfo  thitm^  the  t^kt  rf  tbi  icliftic^  and  poloi  Df  the 
world,  11  ailed  ^  J§lfiii^c§bif^ 

U  4  aU 
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all  thofe  which  lie  between  the  tropics  andpok^ 
have  rhcir  diTlinanons  and  latitudes  of  tbefami 
dcnoniinacion. 

There  arc  fix  great  circles  on  the  celeftiil 
globe,  which  cut  the  ecliptic  perpend iculirlf, 
and  meet  in  two  oppofite  points  iti  the  polu 
circles  J  which  points  are  each  ninety  degrm 
from  the  ecliptic,  and  are  called  its  poles, 
'i^hv^e  pobr  points  divide  thofe  circles  inio  iz 
ienucircles  \  which  cut  the  ecliptic  at  the  bcgia- 
rings  of  the  12  figns-  They  rcfemble  fo  maaf 
meridians  on  the  lerreftrial  globe  %  and  as  all 
places  which  lie  under  any  particular  meridian 
fcmicirclc  on  that  globe;  have  the  fame  longi- 
tude^  fo  all  thofe  points  of  the  heaven,  through 
which  any  one  of  the  above  lemicircles  are 
drawn,  have  the  fame  longitude. — And  as  the 
greatelt  latitudes  on  the  earth  are  at  the  north 
and  fouth  poles  of  the  earth,  fo  the  greateft  lati- 
tudes in  the  heaven,  are  at  the  north  and  foudi 
poles  of  the  ecliptic. 
Confiella-  In  Order  to  diftinguifli  the  ftars,  with  regard 
tions,  xo  their  fitjations  and  pofitions  in  the  heaven, 
the  ancients  divided  the  whole  vifible  firmament 
of  ftars  into  particular  fyftems,  which  they  called 
conjtellations  -,  and  digelled  them  into  the  forms 
of  fuch  animals  as  are  delineated  upon  the  celef- 
tial  globe.  And  thofe  liars  which  lie  between 
the  figures  of  thole  imaginary  animals,  and 
could  not  be  brought  within  the  compafsof  any 
of  them,  were  called  unformed  ftars. 

Becaufc  the  moon  and  all  the  planets  were 
obferved  to  move  in  circles  or  orbits  which  crols 
the  ecliptic  (or  line  of  the  fun's  path)  at  fmall 
angles,  and  to  be  on  the  north  fide  of  the  eclip- 
tic for  one  half  of  their  courfe  round  the  hea- 
ven of  ftars,  and  on  the  fouth  fide  of  it  for  the 

other 
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e  other  half,  but  never  to  go  quite  8  degrees  from 

k   it  on  either  fide,  the  ancients  diftinguifhed  that 

fpace  by  two  lefler  circles,  parallel  to  the  ecliptic 

I    (one  on  each  fide)  ac  8  degrees  diftance  from  it, 

\    And  the  fpace  included  between  the  circles, 

they  called  the  zodiac^  becaufe  mod  of  the  12 

conftellattons  placed  therein  refemble  fome  living 

creature. — Thtfc  conftcllacions  arc,  1.  Aries  v, 

the  ram  ;  2.  Taurus  b » the  bull ;  3.  Gemini  n « 

the  twins;  4.  Cancer  0,  the  crab;  5.  Leo  Slj 

the  lion;  6.  Firgo  nR,  the  virgin  :  7.  Dtra  la, 

the  balance  ;  8  Scorpio  tii,  the  fcorpion ;  9.  Sa* 

gittarius  1 9  the  archer ;  lo.  Capricornus  icf ,  the. 

goat;  II.  Aquarius  ssi  the  water  bearer;  and 

12.  Pi  fees  X,  the  fiflies. 

It  is  to  be  obferved,  that  in  the  infancy  of  Remark, 
aftronomy,  thefe  twelve  conftellations  (tood  at 
or  near  the  places  of  the  ecliptic,  where  the 
above  charafteriftics  are  marked  upon  the  globe  ; 
but  now,  each  conftellation  has  got  a  whole  fign 
forwarder,  on  account  of  the  receflion  of  the 
cquinoflial  points  from  their  former  places.  So 
that  the  conftellation  of  Aries j  is  now  in  the 
former  place  of  Taurus ;  that  of  Taurus^  in  the 
former  place  of  Gemini ;  and  fo  on. 

The  liars  appear  of  different  magnitudes  to 
the  eye ;  probably  becaufe  they  are  at  different 
diftances  from  us.  Thofe  which  appear  bright* 
eft  and  largeft,  arc  called  ftars  of  the  firfl  mag* 
nitude ;  the  next  to  them  in  fize  and  luftre,  are 
called  fiars  of  the  fecond  magnitude ;  and  fo  on 
to  the  Jixtb^  which  are  the  fmallelt  that  can  be 
difcerned  by  the  bare  eye. 

Some  of  the  moft  remarkable  ftars  have  names 
given  them,  as  Caflor  and  Pollux  in  the  heads  of 
the  Tmns^  Sirius  in  the  mouth  of  the  Greal 
DogjProcyon  in  the  fide  of  the  Liuk  Dog^  Rigel 

in 
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in  the  left  foot  of  Orim,  JrQnrui  oear  the  rig^  ^ 
thigh  of  Bmtis^  &c. 

Theft  things  being  preraifcd,  which  I  thiok 
arc  all  that  the  young  ^yro  need  be  acquainted 
with,  before  he  begins  to  work  any  problem  hj 
this  globe,  we  fhafl  now  proceed  lo  the  moil 
ufcfui  of  thofc  problems  ^  omitting  fcvcral  which 
are  of  little  or  no  confequencc. 

PROBLEM    I. 

To  find  the  ♦  right  afccnjim  and  -f-  diclinaiien  if 
(be  fun^  or  any  fixed  ft  or. 

Bring  the  fun's  place  in  the  ecliptic  to  the 
brafen  meridian,  then  that  degree  in  theequi- 
nodial  which  is  cut  by  the  meridian,  is  the  fun's 
right  afcenfion  \  and  that  degree  of  the  meridian 
which  is  over  the  fun's  place,  is  his  dectination. 
Bring  any  Bxcd  (lar  to  the  meridian,  and  its 
right  afcenfion  will  be  cut  by  the  meridian  in  the 
equinoctial ;  and  the  degree  of  the  meridian  that 
ftands  over  it,  is  its  declination. 

So  that  right  afcenfion  and  declination^  on  the 
celeftial  globe,  are  found  in  the  fame  mann^i 
as  longitude  and  latitude  on  the  terFcftrial. 

•  The  degree  of  the  cquinoftial,  reckoned  from  the  bc- 

S'nning  of  At  its,  that  comes  to  the  meridian  with  the  fbn  or 
[f,  is  its  right  a/anjion. 

f  The  d.liance  of  the  fun  or  ftar  in  degrees  from  the  cqui« 
■oflial,  towards  either  of  the  poles,  north  or  ibutht  is  it) 
declination,  which  is  north  or  fouth  accordingly. 
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P  R  O  B  JL  E  M   IL 

TV  find  the  latitude  andJot^itudi  of  aftf  fim*. 

If  the  given  ilar  be  on  the  north  fide  of  tbt 
ecliptic,  place  the  90th  degree  of  the  quadrant 
of  altitude  on  the  north  pole  of  the  ectipik^ 
where  the  twelve  femicircles  meet^  which  ^ 
▼ide  the  ecliptic  into  the  12  figns :  but  if  the 
ftar  be  on  the  fouth  fide  of  the  ecliptic,  plac^ 
the  90th  degree  of  the  quadrant  on  the  fouth 
pole  of  the  ecliptic  :  keeping  the  90th  degree  of 
the  quadrant  on  the  proper  pole,  turn  the  (]ua^ 
drant  about,  until  its  graduated  ed^e  cuts  th4 
flar :  then,  the  number  of  degrees  in  the  qua^^ 
drant,  between  the  ecliptic  and  the  fl:ar,  is  it« 
latitude ;  and  the  degree  of  the  ecliptic  cut  bf 
the  quadrant  is  the  ftar*s  longitude,  reckoned 
liccording  to  the  fign  in  which  the  quadrant 
then  is. 

PROBLEM   III. 

TV  rcprefent  the  face  of  the  ftarry  firmameni^  ss 
fien  from  an;f  given  place  of  the  earthy  tU  Mff 
pour  of  the  night. 

Re£tify  the  celeftial  globe  for  the  given  lati-* 
tude,  the  zenith,  and  fun*s  place,  in  every  u> 
fpe£t,  as  taught  by  the  17th  problem,  for  the 
terreftrial  i  and'  turn  it  about,  until  the  indcjs 
points  to  the  given  hour :  then,  the  upper  he- 
mifi>here  of  the  globe  will  reprefent  the  vifibk 
l^alf  of  the  heaven  for  ihat  time :  all  the  fttrs  * 

upon 
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upon  the  globe  being  then  in  fiich  fituations,  si 
exadly  correfpond  to  chofe  in  the  heaven.  Aodj 
if  the  globe  be  placed  duly  north  and  Ibuth,  b;  j 
means  of  a  fmall  fea-compafs,  every  ftar  on  the 
globe  will  point  toward  the  like  ftar  in  the  ha- 
ven: by  which  means,  the  conftellations  and 
remarkable  ftara  may  be  eafily  known.  All 
thofe  ftars  which  are  in  the  eaftern  fide  of  the 
horizon,  are  then  rifing  in  the  eaftern  fide  of 
the  heaven ;  all  in  the  wcftcrn,  are  letting  in 
the  wcftern  fide ;  and  all  thofe  under  the  upper 
part  of  the  brafen  meridian,  between  the  fouch 
point  of  the  horizon  and  the  north  pole,  are  at 
their  greateft  altitude,  if  the  latitude  of  the 
place  be  north :  but  if  the  latitude  be  foutb, 
thofe  ftars  which  lie  under  the  upper  part  of  the 
meridian,  between  the  north  point  of  the  hori- 
zon and  the  fouith  pole,  are  at  their  greateft 
altitude. 

PROBLEM    IV. 

The  latitude  of  the  place^  and  day  of  the  monthj 
being  given  \  to  find  the  time  when  any  known 
ftar  will  rife^  or  be  on  the  meridian^  or  fet. 

Having  redlified  the  globe,  turn  it  about  un- 
til the  given  ftar  comes  to  the  eaftern  fide  of  the 
horizon,  and  the  index  will  (hew  the  time  of 
the  ftar's  rifing  -,  then  turn  the  globe  wcfbvard, 
and  when  the  ftar  comes  to  the  brafen  meridian, 
the  index  will  fhew  the  time  of  the  ftar's  coming 
to  the  meridian  of  your  place ;  laftly,  turn  on, 
until  the  ftar  comes  to  the  weftern  fide  of  the 
horizon,  and  the  index  will  ftiew  the  time  of  the 
ttar*s  fetting. 

N.  B. 
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3  N.  B.  In  northern  latitudes,  thofe  ft^rs  which 
V  tre  Itls  diftanc  from  the  nonh  pole,  than  [the 
ct  quantity  of  its  elevation  above  the  north  poinc 
i  of  the  horizon,  never  fet  $  and  thofe  which  are 
R  lefs  diftant  from  the  fouth  pole,  than  the  num- 
2  bcr  of  degrees  by  which  it  is  depreffed  below 
r  the  horizon,  never  rife  :  and  vice  verfd  in  fouth- 
cm  latitudes. 

P  R  OB  L  EM  V. 

To  find  at  what  time  of  the  year  a  given  Jiar  "Jcill 
be  upon  tbe  meridian^  at  a  given  bour  of  the 
night.' 

Bring  the  given  ftar  to  the  upper  femicirele 
of  the  brafs  meridian,  and  fee  the  index  to 
the  given  hour ;  then  turn  the  globe,  until  the 
index  points  to  XII  at  noon^  and  the  upper  fe- 
micirele of  the  meridian  will  then  cut  the  fun's 
place,  anfwering  to  the  day  of  the  year  fought ; 
which  day  may  be  eafily  found  againft  the  like 
place  of  the  fun  among  the  figns  on  the  wooden 
horhson; 

P  R  O  B  L  E  M    VI. 

The  latitude^  day  of  the  months  and'^  azimuth  of 
any  known  Jiar'  being  given  •,  to  find  the  hour  of 
the  night. 

Having  redified  the  globe  for  the  latitude, 
zenith,  and  fun's  place ;  lay  the  quadrant  ot 

*  The  namber  of  degrees  that  the  fun,  moon,  or  any  ftar» 
it  from  the  merldiaD,  either  to  the  eaft  or  weft,  is  called  its 

altitude 


iltitude  C0  the  given  degree  of  ftzimuth  m  die  b 
rizoh :  then  lurn  the  globe  od  Its  axis,  tiodl  tb  I 
ifctr  comes  to  the  graduated  edge  of  the  qui' , 
drtnt  I  and  when  it  does,  the  ipdeic  wjU  poiit 
out  the  hour  of  the  nig^t. 

PROBLEM     VIL 

ne  latiiude  of  the  plaa^  the  day  &/  ibe  witfA, 
and  aliitudi  *  iff  awf  kn&wn  Jisr^  Sdng  given  ^ 
to  find  the  hour  ef  the  mgbt^ 

Redliff  the  globp  as  in  the  former  pnrfxk^ 
guefs  at  the  hour  of  the  night,  and  turn  cbc 
globe  until  the  index  points  at  the  fuppofed 
hour ;  then  lay  the  graduated  ^ge  af  the  qua- 
drant of  altitude  over  the  known  ftar,  and  if  the 
degree  of  the  ftar's  height  in  the  quadrant  upon 
the  globe,  anfwers  exadly  to  the  degree  of  the 
ftar's  obferved  altitude  in  the  heaven,  you  have 
guefied  exadly  :  but  if  the  ftar  on  the  globe  is 
higher  or  lower  than  it  was  obferved  to  be  in  tht 
heaven,  turn  the  globe  backwards  or  fonrardsi 
keeping  the  edge  of  the  quadrant  upon  jcheftart 
until  its  center  comes  to  the  obferved  altitude  in 
the  quadrant ;  and  then,  the  index  will  (hew  the 
true  time  of  the  night. 

*  The  iMunber  of  degrees  that  the  ftar  Js  above  ihe  kori-* 
zon»  ai  obferved  by  means  of  a  commoo  quadcaot^  js  called 
its  akituiie. 
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PROBLEM    VIIL 

An  tafj  mtthod  for  finding  the  hour  of  the  nigbi  hj 
any  iwo  known  Jiars^  without  knowing  either 
ibeir  altitude  or  azimuth'^  and  tbeUy  of  finding 
both  their  altitude  and  azimuth^  and  thereby  the 
true  meridian. 

Tic  one  end  of  a  thread  to  a  common  mulket 
bullet  \  andf  having  rectified  the  globe  as  above^ 
bold  the  ocber  end  of  the  thread  in  your  hand, 
and  carry  it  flowly  round  betwixt  your  eye  and 
the  (tarry  heaven,  until  you  find  it  cuts  any  two 
known  ftars  at  once.  Then,  guelfing  at  the 
hour  of  the  night,  turn  the  globe  until  the  index 
points  to  the  titne  in  the  hour-circle ;  which 
done,  lay  the  graduated  edge  of  the  quadrant 
ever  any  one  of  thefe  two  ftars  on  the  globe, 
which  the  thread  cut  in  the  heaven.  If  the  faid 
edge  of  the  quadrant  cuts  the  other  ftar  alfo,  you 
have  guefled  the  time  exaAly ;  but  if  it  does 
not,  turn  the  globe  flowly  backwards  or  for- 
wards, until  the  quadrant  (kept  upon  either  ftar) 
cuts  them  both  through  their  centers :  and  then, 
the  index  will  point  out  the  exa&  time  of  the 
night )  the  degree  of  the  horizon,  cut  by  the 
quadrant,  will  be  the  true  azimuth  of  both  thefe 
ftars  from  the  fouth ;  and  the  ftars  themfelves 
will  cut  their  true  altitudes  in  the  quadrant.  At  . 
which  moment,  if  a  common  azimuth  compafs 
be  io  fet  upon  a  floor  or  level  pavement,  that 
thefe  ftars  in  the  heaven  may  have  the  fame 
bearing  upon  it  (allowing  for  the  variation  of 
the  needle)  as  the  quadrant  of  altitude  has  in  the 
wooden  horizon  of  the  globe,  a  thread  extended 
over  the  north  and  ibuth  points  of  that  compafs 
6  will 
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will  be  diredtly  in  the  plane  of  the  meridiaJ 
and  if  a  line  be  drawn  upon  |Lhe  floor  or  plv^l 
ment,  along  the  courfeof  the  thread,  aDdanup-j 
right  wire  be  placed  in  the  fouthmoftendof  thej 
line,  the  (badow  of  the  wire  will  fall  upon  thatl 
line,  when  the  fun  is  on  the  meridian,  and  (hina  | 
.    upon  the  pavement. 

P  R  O  B  L  E  M    IX. 

*To  find  the  place  of  ibe  moon^  w  of  any  planet  \  axi 
thereby  to  Jhew  the  time  of  its  rtfing^  foutkini^ 
and  Jetting. 

Seek  in  Parker's  or  Whitens  Ephemeris  the 
*  geocentric  place  of  the  moon  or  planet  in  the 
ecliptic,  for  the  given  day  of  the  month,  and, 
according  to  its  longitude  and  latitude,  as  fliewa 
by  the  Ephemeris,  mark  the  fame  with  a  chalk 
upon  the  globe.  Then,  having  rt£lified  the 
globe,  turn  it  round  its  axis  weftward ;  and  as 
the  faid  mark  comes  to  the  eaftern  fide  of  (he 
horizon,  to  the  brafen  meridian,  and  to  the 
weftern  fide  of  the  horizon,  the  index  will  Ibew 
at  what  time  the  planet  rifes,  comes  to  the  meri- 
dian, and  fets,  in  the  fame  manner  as  it  would 
do  for  a  fixed  ftar. 

PROBLEM    X. 

^0  explain  the  phenomena  of  the  harveft  moon. 

In  order  to  do  this,  we  muft  premifc  the  fol- 
lowing things.     I.  That  as  the  fun  goes  only 

*  The  place  of  the  moon  or  plaoet,  as  ieen  from  die 
earthy  is  called  its  geocentric  place* 

3  once 
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ayice  a  year  roudd  the  ecliptic,  he  can  be  but 
'30ce  a  year  in  any  particular  point  of  it:  and 
^at  his  motion  is  almoft  a  degree  erery  24 
ftipurs^  at  a  n>ean  rate.     a.  That  as  the  moon 
tooes  round  the  ecliptic  once  in  27  days  and  8 
f  Aoursi  ihe  advances  13^  degrees  in  ir»  every 
day  at  a  mean  rate.    3.  That  as  the  fun  goes 
.through  pare  of.  the  ecliptic  in  the  time  the 
.mobi^gpes  round  it^  the  moon  cannot  at  anytime 
f  be  either  in  conjun^ion  with  the  fun,  or  oppofite 
ito  him,  in  that  part  of  the  ecliptic  where  (he  wa^ 
tfio  the  laft  time  before;    but  mufl:  travel  as 
hiuch  forwarder,  as  the  fun  has  advanced  in  the 
r  ibid  time  :  which  being  297  days,  makes  almoft 
^  a  whole  fign.    Therctore,  4.  The  moon  can  be 
■but  once  a  year  oppofite  to  the  fun,  in  any 
.  particular  part  of  the  ecliptic.     5.  That  the 
moon  is  never  full  but  when  (he  is  oppofite  16 
•  the  fun,  becaufe  at  no  other  time  can  we  fee  aU 
:  chat  half  of  her,  which  the  fun  enlightens.  6;  That 
t  tvhen  any  point  of  the  ecliptic  rifes,  the  oppofite 
:  point  fets.    Therefore,  yrhen  the  moon  is  oppo* 
fite  to  the  fun,  (he  muft  rife  at  *  fun  fet.    7.  Thzi 
'  the  different  figns  of  the  ecliptic  rife,  at  very  dif« 
ferent  angles  or  degrees  of  obliquity  with  the 
horizon,  efpecially  in  confiderable  latitudes  ;  and 
.  that  the  fmaller  this  angle  is,  the  greater  is  the 
portion  of  the  ecliptic  that  rifes  in  any  fmall  pare 
of  time  \  and  via  verfd.    8.  That,  in  northern 
latitudes,  no  part  of  the  ecliptic  rifes  at  fo  fmall 
an  ande  with  the  horizon,  as  Ptfces  and  Aries  do; 
therefore,  a  grqiter  portion  of  the  ecliptic  rifes  in 

*  Tkif  as  not  alvv^s  ftrifily  tnicf»  becaafe  the  moon  does 
not  keep  b  the  edipdc,  but  croflb  it  twice  ef«ry  aoatlu 
Xlowerer,  tbe  dilerence  need  not  be  Regarded  inn  (ioenl 
cxphnaiion  of  tbt  cavfe  of  the  hanreft  moon. 

X  one 
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one  hour,  about  there  figns,  than  about  any  of  ^ 
the  reft.     9.  That  the  moon  can  never  be  fi 
in  Psfces  and  Jries  but  in  our  autumnal  months, 
for  at  no  other  time  of  the  year  is  the  fun  in  dc 
oppofite  figns  Virgo  and  Li^a. 

Thcfe  things  premifed,  take  i  ^f  degrees  of 
the  ecliptic  in  your  compafles,  and  beginning  at 
Pifces,  carry  that  extent  all  round  the  ecliptic, 
marking  the  places  with  a  chalk,  what  the 
points  of  the  compafies  fucceffiyely  falL  So 
you  will  have  the  moon*s  daily  motion  marked 
out  for  one  complete  revolution  in  the  edipQC 
(according  to  ^  2  of  the  laft  paragraph.) 

Redify  the  globe  for  any  confidenblenortheni 
latitude,  (as  fuppofe  that  of  London)  and  then, 
turning  the  globe  round  its  axis,  obfenre  horn 
much  of  the  hour  circle  the  index  has  gone  over, 
at  the  riflng  of  each  particular  mark  on  the 
ecliptic ;  and  you  will  find  that  (even  of  Clie 
marks  (which  take  in  as  much  of  the  ecliptic  u 
the  moon  goes  through  in  a  week)  will  all  rife 
fucceffively  about  Psfces  and  Aries  in  the  time 
that  the  index  goes  over  two  hours.  Therefore, 
whilft  the  moon  is  in  Pifces  and  //ries^  (he  will  not 
differ  in  general  above  two  hours  in  her  rifing 
for  a  whole  week.  But  if  you  take  notice  of 
the  marks  on  the  oppofite  figns,  Vhro  and  Lih^ 
you  will  find  that  feven  of  them  tdce  nine  hours 
to  rife;  which  fliews,  that  when  the  tnoon  is  io 
thcfe  two  figns,  (he  difl^ers  nine  hours  in  her 
rifing  within  the  compafs  of  a  week.  And  fa 
much  later  as  every  mark  is  of  rifing  than  die 
one  that  rofe  next  before  it,  fo  much  later  will 
the  moon  be  of  rifing  on  any  day  than  (he  was  on 
the  day  before,  in  the  correfponding  part  of  the 
heaven.    Tbe  marks  about  Cancer  euid  Cifricorn 

rile 
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fife  at  t  mean  difitrence  of  tltne  between  thofe 
ybout  jtriis  and  Libra. 

Now,  aldiotigh  the  moon  is  in  Pifces  and  Aries 
tvcry'  month,  and  therefore  muft  rife  in  thofe 
figns  within  the  fpace  of  two  hours  later  for  a 
Whole  wce9^«  or  otAf  ibout  17  minutes  later 
kvcry  day  then  flic  did  on  the  former ;  yet  (he 
h  Mver  full  in  thefo  figns,  but  in  our  autumnal 
tDonthsy  jiuguft  and  Septimier^  when  the  fun  isin 
Virgo  and  Libra.  Therefore,  no  full  moon  m 
Ijho  year  will  GAoiiituc  to  rife  fo  near  the  time  of 
Bio  ttt  for  a  week  or  (b,  as  thefe  two  full  mooos 
doy  which  fall  in  the  time  of  harveft. 
.  In  the  winter  mctfiths,  the  moon  is  in  Pifces 
and  Aries  aboiK  lier  firft  quarter  %  and  as  thefe 
Igna  nije  about  noon  in  wintef,  the  mqpn's  rif- 
lag  in  thfrm  pafies  nnobferred*  In  the  fpring 
baonibs,  ikt  mooti  changes  in  thefe  figns,  and 
boofeqiiently  rifcs  at  the  &me  time  with  the  fun  ; 
b.tbat  it  it  knpoffiblfc  to  'fee  her  at  that  time; 
n  the  fttatmer  months  ftie  is  in  thefe  figns  about 
her  tbird  quarter,  and  rifes  not  until  nud-nighr, 
irhen  her  rsfing  is  but  very  little  taken  notice 
\di  especially  as  (he  is  on  the  decreafc;.  But  in 
bhe  ihaiircft  months  &e  is  at  the  full,  when  in 
fchde  fignsi  and.  being  oppofite  to  the  fun,  fhe 
cUea  wiiCB  the  fuh  fets  (or  foon  after)  and  (bines 
all  the  night. 

1ft  ibtic£ern  latitudes,  Virgo  and  Ubra  rife  at  as 
Gsudl  angles  with  the  horizson,  as  Pifces  and  Aries 
do  in  the  northern  i  and  as  our  fpring  is  at  the 
time  of  their  harveft,  it  is  plain  their  harveft  full 
moons  muft  be  in  Virgo  and  Libra ;  and  will 
tfacidbre  rife  with  as  litde  difference  oi  time,  as 
Dun  do  in  Pifcu  and  Aries. 

X  a  For 
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For  a  fuller  account  of  this  matter,  I  mi  1 
refer  the  reader  to  my  Aftronomy^  in  which  ii'tt  | 
defcribed  at  large. 

PROBLEM   XL 

fo  explain  ibe  equation  of  time^  or  differenee  eftim 
between  well  regulated  elocks  and  truefm-Ms. 

The  earth's  motion  on  its  axis  being  perfcffly 
equable,    and    thereby    caufing    an    apparent 
equable  motion  of  the  (tarry  heaven  round  the 
fame  axis,  produced  to  the  poles  of  the  heavens 
it  is  plain  that  equal  portions  of  the  cekftia 
equator  pafs  over  the  meridian  m  equal  parts  of 
time,  becaufe  the  axis  of  the  world  is  perpendi- 
cular to  the  plane  of  the  equator.     And  there*  i 
fore,  if  the  fun  kept  his  annual  courfe  in  the 
celeftial  equator,  he  would  always  revolve  frooi 
the  meridian  to  the  meridian  again  in  24  houn 
exactly,  as  Ibewn  by  a  well-regulated  clock. 

But  as  the  fun  moves  in  the  ecliptic,  which  is 
oblique  both  to  the  plane  of  the  equator  and  axis 
of  the  world,  he  cannot  always  revolve  from  the 
meridian  to  the  meridian  again  in  24  equal 
hours ;  but  fometimes  a  little  fooncr,  and  ac 
other  times  a  little  latter,  becaufe  equal  poniom 
of  the  ecliptic  pafs  over  the  meridian  in  unequal 
parts  of  time  on  account  of  its  obliquity.  And 
tlTis  difference  is  the  fame  in  all  latitudes. 

To  (hew  this  by  a  globe,  make  chalk-marks 
all  round  the  equator  and  eclipuc,  at  equal 
diftances  from  one  another  (fuppole  10  degrees) 
beginning  at  Aries  or  at  Uira^  where  thefe  two 
circles  intcrfcdl  each  other.     Then  turn  the 
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globe  round  its  axis,  and  you  will  fee  that  all 
the  marks  in  the  firft  quadrant  of  the  ecliptic,  or 
from  the  beginning  ot  Aries  to  the  beginning  of 
Cancer  J  come  fooner  to  the  brafen  meridian  than 
their  correfponding  marks  do  on  the  equator  r 
thofe  in  the  fecond  quadrant,  or  from  the  be- 
ginning of  Cancer  to  the  beginning  of  Likra^ 
come  later :  thofe  in  the  third  quadrant,  from 
Libra  to  Capricamj  fooner;  and  thofe  in  the 
fourth,  from  Capricorn  to  Arifs^  later.  But  thofe 
at  the  beginning  of  each  quadrant  come  to  the 
meridian  at  the  fame  time  with  their  correfpond* 
ing  marks  on  the  equator. 

Therefore,  whilft  the  fun  is  in  the  firft  and 
third  quadrants  of  the  ecliptic,  he  comes  fooner 
to  the  meridian  every  day  than  he  would  do  if 
he  kept  in  the  equator;  and  confequently  he  is 
fafter  than  a  well  regulated  clock,  which  always  ; 
keeps  equable  or  equatorial  time :  and  whilft  he 
is  in  the  fecond  and  fourth  quadrants,  he  comes 
latter  to  the  meridian  every  day  than  he  would 
do  if  he  kept  in  the  equator  ;  and  is  therefore 
flower  than  the  clock.  But  at  the  beginning  of 
each  quadrant,  the  fun  and  clock  are  equal. 

And  thus,  if  the  fun  moved  equably  in  the 
ecliptic,  he  would  be  equal  with  the  clock  on 
four  days  of  the  year,  which  would  have  equal 
intervals  of  time  between  them.  But  as  he 
moves  fafter  at  fome  times  than  at  others  (being 
eight  days  longer  in  the  northern  half  of  the 
ecliptic  than  in  the  fouthern)  this  will  caufe  a 
fecond  inequality;  which  combined  with  the 
former,  arifing  from  the  obliquity  of  the  ecliptic 
to  the  equator,  makes  up  that  difference,  which 
is  (hewn  by  the  common  equation  tables  to  be 
between  good  clocks  and  true  fun-dials. 

X  3  Tic 
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3'be  defcription  and  ufe  of  tbt  armilUuy' fiben. 

Place  XX.     Whoever  has  fecn  a  common  armiUary  fpbm^ 
Fig*  >•     and  undcrfbinds  how  to  ufe  it,  muft  be  ioifibk 
that  the  machine  here  referred  to^  is  of  a  Toy 
different,   and  much  more  advantageous  coo- 
ftru6tion.     And  thofe  who  have  fccn  cite  curioas 
glafs  fphere  invented  by  Dr.  Long,  orthcfigknt 
of  it  in  his  Aftronomy,  muft  know  chat  ibe  for 
nhure  of  'the  terreftrial  globe  in  this  machiaf, 
the  form  of  the  pcdeftal,  and  the  manner  of 
turning  either  the  earthly  globe  or  the  circles 
vhich  furround   it,   are  all  copied  irom  the 
Doflor's  glafs  fphere  ;  and  that  the  only  diffe- 
rence is,  a  parcel  of  rings  inftead  of  a  glaftoelef- 
tial  globe  -,  and  all  the  additions  are  a  moon 
within  the  fphere,  and  a  femicircle  up<m  the 
pedeftal. 
The  tfr-       The  exterior  parts  of  this  machine  are  a  com- 
7^!^     pages  of  brafs  rings,  which  reprefent  the  princi- 
•^  pal  circles  of  thcJieaven,  viz.  i .  The  equinoftial 

AA^  which  is  divided  into  360  degrees,  (begin- 
ning at  its  interfedlion  with  the  ecliptic  in  Aries) 
forlfhewing  the  fun's  right  afcenfion  in  degrees-, 
and  a)fo  into  24  hours,  for  (hewing  his  right 
afcenfion  in  time.  2.  The  ecliptic  B  B^  which  is 
divided  into  12  figns,  and  each  fign  into  50  de- 
grees, and  alio  into  the  months  and  days  of  the 
year ;  in  fuch  a  manner,  that  the  degree  or  point 
of  the  ecliptic  in  which  the  fun  is,  on  any  givm 
day,  (lands  over  that  day  in  the  circle  of  months. 
3.  The  tropic  oi  Cancer  CCj  touching  die  ^dip- 
tic  at  the  beginning  of  Cancer  in  e^  and  the 
tropic  of  Capricorn  D  D,  touching  the  ecliptic  at 
the  beginning  of  Capricorn  in  fi  each  a3i-degrces 

from 
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ffOtn  the  equiooAial  circle.  4.  The  arftic  circle 
Ey  and  the  antar&ic  circle  F,  each  2%\  degrees 
from  its  mipedive  pole  at  N  and  S.  5.  The 
cquino£tial  coltire  G  G^  pafllng  through  the 
north  and  fouth  poles  of  the  heaven  at  iV  and  S^ 
and  through  the  equino&ial  points  Aries^  and 
Ukra  in  the  ecliptic.  6.  The  folftitial  colure 
H  Hf  pafling  through  the  poles  of  the  heaven, and 
through  the  folftitial  points  Cancer  and  Capricorn^ 
an  the  ecliptic.  Each  quarter  of  the  former  of 
thefe  colures  is  divided  into  90  degrees,  from  the 
cquinoAial  to  the  poles  of  the  world,  for  KheWf- 
iog  the  declination  of  the  fun,  moon,  and  ilars ; 
and  each  quarter  of  the  latter,  from  the  ecliptic 
at  e  and  /,  to  its  poles  i  and  i/,  for  (hewing  the 
latitude  of  the  ftars. 

In  the  north  pole  of  the  ecliptic  is  a  nut  3,  to 
ivhich  is  fixed  one  end  of  a  quadrantal  wire,  and 
eo  the  other  end  a  fmall  fun  Tj  which  is  carried 
round  the  ecliptic  £  Bjby  turning  the  nut :  and 
in  the  ibuth-pole  of  the  ecliptic  is  a  pin  at  //,  on 
which  is  another  quadrantal  wire,  with  a  iniali 
moon  Z  upon  it,  which  may  be  moved  round  by 
hand :  but  there  is  a  particular  contrivance  for 
caufing  the  moon  to  move  in  an  orbit  which 
crofies  the  ecliptic  at  an  angle  of  54  degrees,  in 
two  oppoQte  points  called  the  moon^s  nodes ;  and 
alio  for  fliifting  thefe  points  backward  in  the 
ecliptic,  as  the  meon*^  nodes  fhift  in  the  heaven. 

Within  thefe  circular  rings  is  a  fmall  terref- 
trial  globe  /,  fixt  on  an  axis  K  X,  which  extends 
from  the  north  and  fouth  poles  of  the  globe  at  n 
and  J,  to  thofe  of  the  celeftial  fphere  at  N  and  <9. 
On  this  axis  is  fixt  the  flat  celeftial  meridian  L  L, 
which  may  be  fet  diredly  over  the  meridian  q£ 
any  place  oa  the  globe,  and  then  turned  round 
with  th9  globe,  ^  as  to  keep  over  the  fanne 
X  4  meridian 
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meriditn  upon  it.    This  flat  meridian  is  gni. 
duated  the  fame  way  as  the  brafs  meridian  d 
a  common  globe,  and  its  ufe  is  much  the  bxuL 
To  this  globe  is  fitted  the  moveable  horizoo 
Af  A/,  fo  as  to  turn  upon  two  ftrong  wires  pro- 
ceeding from  its  eaft  and  weft  points  to  the 
globe,  and  entering  the  globe  at  oppolice  points 
of  its  equator,  which  is  a  moveable  brais  ring  Ice 
into  the  globe  in  a  groove  all  around  its  equator. 
The  globe  may  be  turned  by  hand  within  this 
ring,  fo  as  to  place  any  given  meridian  upon  it| 
diredtly  under  the  celeftial  meridian  L  L.    The 
horizon  is  divided  into  360  degrees  all  around 
its  oucermoft  edge,  within  which  are  the  poinu 
of  the  compals,  for  (hewing  the  amplitude  of 
the  fun  and  moon,,  both  in  degrees  and  points. 
The  celeftial  meridian  L  L  pafles  through  two 
notches  in  the  north  and  fouth  points  of  the 
horizon,  as  in  a  common  gbbe:  but  here,  if 
the  globe  be  turned  round,  the   horizon  and 
meridian  turn  with  it.     At  the  ibuth  pole  of  the 
fphere  is  a  circle  of  24  hours,  fixt  to  the  rings, 
and  on  the  axis  is  an  index  which  eoes  round 
that  circle,  if  the  globe  be  turned  round  its 
axis. 

The  whole  fabric  is  fupported  on  a  pedeftal 
iV,  and  may  be  elevated  or  deprefled  upon  the 
joint  O,  to  any  number  of  degrees  from  o  to  90, 
by  means  of  the  arc  P,  which  is  fixed  in  the 
ftrong  brafs  arm  ^  and  Aides  in  the  upright 
piece  R^  in  which  is  a  fcrew  at  r,  to  fix  it  at  an/ 
proper  elevation. 

In  the  box  T  are  two  wheels  (as  in  Dr.  Long*% 
fphere)  and  two  pinions,  whofe  axes  come  out 
at  V  and  U  \  either  of  which  may  be  turned  by 
the  fmall  winch  fV.  When  the  winch  is  put 
upon  the  axis  V^  and  turned  backward,  the  ter- 

reftrial 
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reftrial  globe,  with  its  horizon  and  celeftial  mch 
ridian,  keep  at  rcQ:;  and  the  whole  fphere  of 
circles  turns  round  from  eaft,  by  fouth,  to  weft, 
canning  the  fun  T^  and  moonZ,  round  the  fame 
vray,  and  cauling  them  to  rife  above  and  fet  be* 
low  the  horizon.    But  when  the  winch  is  puc 
upon  the  axis  17,  and  turned  forward,  the  fphere 
with  the  fun  and  moon  keep  at  reft  %  and  the 
earth,  with  its  horizon  and  meridian^  turn  round 
from  weft,  by  fouth,  to  eaft ;  and  bring  the  lame 
points  of  the  horizon  to  the  fun  and  moon,  to 
which  thefe  bodies  came  when  the  earth  kept  ac 
reft,  and  they  were  carried  round  it  \  (hewing 
that  they  rife  and  fet  in  the  fame  points  of  the 
horizon,  and  at  the  fame  time  in  the  hour-circle, 
wheth<;r  the  motion  be  in  the  earth  or  in  the 
heaven.     If  the  earthly  globe  be  turned,   the 
hour-index  goes  round  its  hour-circle;  but  if 
the  fphere  be  turned,  the  hour-circle  goes  round 
below  the  index. 

And  fo,  by  this  conftruAion,  the  machine  is 
equally  fitted  to  fliew  either  the  real  motion  of 
the  earth,  of  the  apparent  motion  of  the  hea- 
ven. 

To  redify  the  fphere  for  ufe,  firft  flacken  the 
fcrew  r  in  the  upright  ftem  12,  and  taking  hold 
of  the  arm  ^  move  it  up  or  down  until  the 
fliven  degree  of  latitude  for  any  place  be  at  the 
fide  of  the  ftem  R  \  and  then  the  axis  of  the 
fphere  will  be  properly  elevated,  fo  as  to  ftand 
parallel  to  the  axis  of  the  world,  if  the  machine 
be  fet  north  and  fouth  by  a  fmall  compafs :  this 
done,  count  the  latitude  from  the  north-pole^ 
upon  the  celeftial  meridian  L  £»,  down  towards 
the  north  notch  of  the  horizon,  and  fet  the  hori- 
zon to  that  latitude^  then,  turn  the  nut  i  until 
the  fun  T  comes  to  the  given  day  of  the  year  in 

the 
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the  ecliptic,  and  the  foA  will  be  it  trs  prop? 
pUee  for  chat  day  :  find  the  plftce  of  ihc  mooii'i 
lafocodiog  node,  and  alio  the  plaor  of  the  mocm, 
.by  an  Ephemeris,  and  fet  them  right  accscd^ 
ii^ly :  laftly,  turn  the  winch  ff^^  uatil  either  the 
fun  comes  to  the  nneridian  L  £»  or  until  the  me* 
ridiao  connes  to  the  fun  (according  w  yoo  warn 
the  fphere  or  earth  to  move)  and  fee  the  hour- 
index  to  the  XII,  marked  noon,  and  the  whole 
nuchtne  will  be  reftiBed.-F— — Thdn  turn  die 
frincht  and  obferve  when  the  fun  or  moon  rife 
imd  iet  in  the  horizon,  and  the  hourrindeai^  will 
ibew  the  times  thereof  for  the  given  d^. 

As  thofe  who  underftand  the  u(e  of  the  dobei 
will  be  at  no  lofs  to  work  many  other  problems 
by  this  fphere,  it  is  ncedlcfs  to  enlarge  any 
farther  upon  it. 

t  E  C  T.    X^ 

the  principles  and  art  of  JiaJiMg. 

Preliffli.     A    ^^^'  ^^  ^  plane,  upon  which  lines  are  Ji/t^ 

aaiiw.     XjL  fcribed  in  fuch  a  manner,  that  the  Ihadow 

of  a  wire,  or  of  the  upper  edge  of  a  plate  ftile, 

ereded  perpendicularly  on  the  plane  of  the  dial^ 

xnay  (hew  the  true  time  of  the  day. 

The  edge  of  the  plate  by  which  the  time  of 
the  day  is  found,  is  called  the  ftile  of  the  dial, 
which  muft  be  parallel  to  the  earth's  axisi  and 
the  line  on  which  the  faid  plate  is  ereded,  is 
called  the  fubftile. 

The  angle  included  between  the  fubftile  am} 
ftile,  is  called  the  elevation,  or  height  of  the 
ftile. 

Thofe  dials  whofe  planes  are  parallel  to  the 

plane  of  the  horizons  are  called  horizontsU  dials  ^ 

4  ud 
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ifid  thofe  dikb  whofe  planes  are  perpendicular 
to  Ac  plane  of  the  horizorr,  are  calkd  vercical| 
or  ereft  dials. 

Thbfe  ereft  dials,  whpfe  planes  diveftly  front 
the  Borlh  or  ibuth,  are  called  direft  north  or 
jbuth  diab }  and  all  other  ere£t  dials  are  called 
declifiers,  becaofe  their  planes  are  tamed  away 
from  the  north  or  ibuth» 

Thofe  dials  whofe  planes  are  neither  parallel 
nor  perpendicular  to  the  plane  of  the  horizon^ 
are  called  inelining^  or  reclining  dials,  accord-, 
ing  as  their  planes  make  acute  or  obcufe  anglei 
with  thei  horizon^  •,  and  if  their  planes  are  alfQ 
turned  afide  frotti  facing  the  iouth  or  norths 
they  are  called  decliningMnclioing,  or  declining* 
reclining  dials. 

The  inierfeftion  of  the  plane  of  the  dial,  with 
that  of  the  meridian,  pafliag  through  the  ftile^ 
is  called  the  meridian  cf  the  dial,  or.  the  hour'* 
line  of  XIL 

Thofe  meridians,  whofe  planes  pafs  through 
the  (tile,  and  make  angles  of  15,  3^0^  45,  60^ 
75,  and  90  degrees  with  the  meridian  of  the 
place  (which  marks  the  hour-line  cf  XII)  art 
called  hour-circles ;  and  their  interfeftions  with 
the  plane  of  the  dial^  are  called  hour-lines. 

In  all  declining  dials,  the  fubftile  makes  aQ 
angle  with  the  hour-line  of  XII ;  and  this  angle 
IS  called  the  diflance  of  the  fubftile  from  the 
meridian. 

The  declining  plane's  difference  of  tongitude, 
is  the  angle  formed  at  the  interfeftion  of  the 
ftile  and  j^ane  of  tlie  dial,  by  two  meridians  1 
one  of  which  pafles  through  the  hour-line  (^XII^ 
and  the  other  through  the  fubfti^ 
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fhis  much  being  premfed  eoneemii^  disls  in  gr 
wera/y  we  Jball  now  proceed  to  explain  the  differei^ 
methods  of  their  conftruSion. 
If  the  whole  earch  a  P  <  p  were  tranfparent, 
Plate  XX.  and  hollow,  like  a  fphere  of  glafs^  and  had  its 
F>S*  ^'    equator  divided  into  a4  equal  pares  by  io  many 
Tht  ani-  meridian  femicircles,  «,  b^  e%  d^  ^  /,  g^  &c.  one 
veifal      of  which  is  the  geographical. meridian  of  any 
priDcipIe  given  place*  as  Londoo  (which  is  fuppoied  to 
SJ^^^  be  at  the  point  a  i)  and  if  the  hours  of  XII 
depends.  ^^^  marked  at  the  equator,  both  upon  that 
meridian  and  the  oppofite  one,  and  all  the  reft 
of  the  hours  in  order  on  the  reft  of  the  nKri- 
dians,  thofc  meridians  would  be  the  hour-circles 
of  London :  then,  if  the  fphere  had  an  opake 
axis,  2S  P  E  p^  terminating  in  the  poles  P  and 
^,  the  (hadow  of  the  axis  would  fall  upon  every 
particular  meridian  and   hour,  when  the  fun 
came  to  the  plane  of  the  oppofite  meridian,  and 
would  confequently  (hew  the  time  at  London, 
and  at'  all  other  places  on  the  meridian  of 
JLondon- 
Horizon.      If  this  fphere  was  cut  through  the  middle  by 
fddial.    a  folid  plane  ABCD^  in  the  rational  horizon  oif 
London,   one  half  of  the  axis  EP  would  be 
above  the  plane,  and  the  other  half  below  it  i 
and  if  ftraight  lines  were  drawn  from  the  center 
of  the  plane,  to  thofc  points  where  its  circum* 
ference  is  cut  by  the  hour*circles  of  the  fphere, 
thofe  lines  would  be  the  hour-lines  of  a  hori- 
zontal dial  for  London :  for  the  fhadow  of  the 
axis   would  fall  upon  each  particular  hour-line 
of  the  dial,  when  it  fell  upon  the  like  hour-circle 
of  the  fphere. 
Pig.  3.        If  the  plane  whi^h  cuts  the  fphere  be  upright, 
as  AFCG^  touching  the  given  place  (London) 
at  F^  and  direftly  facing  die  meridian  of  Lon- 
don * 
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dori,  it  will  then  become  the  plane  of  an  ere  A 
direAibuth  dial:  and  if  right  lines  be  dnwn frerricsl 
from  its  center  £,  to  thofe  points  of  its  circum-^f«/. 
ference  where  the  hour-circles  of  the  Ijphere  cut 
k,  thefe  will  be  the  hour  lines  of  a  Artical  or 
dire&  fouth  dial  for  L.ondon,  to  which  the  hours 
are  to  be  fet  as  in  the  figure  (contrary  to  tbofts 
on  a  horizontal  dial)  and  the  lower  half  Bp  of 
the  axis  will  caft  a  ihadow  on  the  hour  of  the 
day  in  this  dial,  at  the  fame  time  that  it  would 
fall  upon  the  like  hour-circle  of  the  fphere,  if 
the  dial-plane  was  not  in  the  way. 

If  the  plane  (ftill  facing  the  meridian)  be /,^iiVi»F 
made  to  incline,  or  recline,  by  any  given  number  and  r»- 
<rf  degrees,  the  hour-circles  of  the  fohere  will^^*'*^ 
ftill  cut  the  edge  of  the  plane  in  thofe  points  to^'^* 
which  the  hour-lines  muft  be  drawn  ftraight 
from  the  center ;  and  the  axis  of  the  fphere  will 
caft  a  Ihadow  on  thefe  lines  at  the  refpedlive 
hours.    The  like  will  ftill  hold,  if  the  plane  herueiimM^ 
made  to  decline  by  any  given  number  or  degrees  ^iWr. 
from  the  meridian,  towards  the  eaft  or  weft: 
provided  the  declination  be  lefs  than  90  degrees, 
or  the  reclination  be  lefs  than  the  co-lacitude 
of  the  place :  and  the  axis  of  the  fphere  will  be 
a  gnomon,  or  ftile,  for  the  dial.     But  it  cannoc 
be  a  gnomon,  when  the  declination  is  quite  90 
degrees,  nor  when  the  reclination  is  equal  to 
the  co-latitude;    becaufe  in  thefe  two  cafes, 
the  axis  has  no  elevation  above  the  plane  of  the 
diaL 

And  thus  it  appears,  that  the  plane  of  every 
dial  reprefents  the  plane  of  fome  great  circte 
ui>on  the  earth ;  and  the  gnomon  the  earth's 
axis,  whether  it  be  a  fmall  wire,  as  in  the  above 
figures,  or  the  edge  of  a  thin  plate^  as  in  the 
common  horizontal  dials^ 

The 
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Tfae  wliole  earthy  as  to  its  bulk,  ik  but  l 
|)oiiic^  if  compared  to  its  diftsncb  froooi  die  fiui: 
Md  tliereforC)  if  a  fosall  fphcre  of  glaft  be  placed 
^pon  anjr  part  of  the  cartb^s  fur£ace^  b  tfaar 
its  axis  Imparallel  to  the  axis  of  the  earth,  sad 
ihc  fphere  hare  fiich  lines  upcfti  it»  and  fuck 
planes  within  it,  as  above  defcribed;  it  will 
fliew  the  hours  of  the  day  as  truly  aa  if  it  were 
placed  at  the  earth's  center,  and  die  flicU  of  the 
earth  were  as  tranfparent  as  glafs. 
Pig*  Sf  }•  But  becaufe  it  is  impoffibie  to  haire  H  iibllov 
iphere  of  glafs  pec&Aly  true,  blown  ixHwd  a 
lolid  plane ;  or  if  it  was,  we  could  not  get  at 
the  plane  within  the  gbfs  to  fet  it  in  any  given 
polition  \  we  make  u&  of  a  wire-fphere  to  ea* 
plain  the  principles  of  dialings  by  joining  24 
femicircles  together  at  the  pole%  and  putting  a 
thin  flat  plate  of  brafs  within  it. 
DiJiMg  A  common  globe,  of  la  inches  diameter^  has 
by  the  generally  24  meridian  femicircles  drawn  upon 
^"5Srf  ^^  If  fuch  a  globe  be  elevated  to  the  latitude  of 
gUu!  ^^y  given  place,  and  turned  about  until  any  one 
of  iheie  meridians  cuts  the  horiaon  in  the  north 
point,  where  the  hour  of  XU  is  fuppc^  to 
be  marked,  the  reft  of  the  meridians  will  cut 
the  horizon  at  the  refpeftive  diftances  of  all  the 
other  hours  from  XII^  Then,  if  thefe  pokus  of 
diftance  be  marked  on  the  horizon,  and  the 
globe  be  taken  out  of  the  horizon^  and  a  Oat 
board  or  plate  be  put  into  its  place^  even  with 
the  furface  of  the  horizon ;  and  if  flraight  lines 
be  drawn  from  the  center  of  the  board,  to  thofe 
points  of  diftance  on  the  horizon  which  wece 
<:ut  by  the  24  meridian  femicircles,  tbefe  lines 
will  be  th^  hour-iines  of  a  horizontal,  dial  for 
that  latitude,  the  edge  of  whofe  gnompo  muft 
be  in  the  very  fame  fitUACion  thaLCbe  aJia.Qf  tbe 

globe 
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gtobe  wds,  before  it  was  taken  out  of  the.fao^i* 
2on:  that  is/  the  gnomon  muft  nuke  ao  angle 
%ith  the  plane  of  the  dial»  equal  to  the  iatttuds 
of  the  place  for  which  the  dial  is  made. 

If  the  pole  of  the  globe  be  elevated  td  th€ 
*  co-btfcude  oi  the  eiven  place,  and  any  nreri* 
dian  be  brought  to  the  north  point  of  the  hori«> 
son,  the  reft  of  the  meridians  will  cut  the  horizon 
in  the  refpe£tive  diftances  of  all  the  houn  from 
XII,  for  a  direft  fouth  dial,  whofe  gnomon  muft 
make  an  angle  with  the  plane  of  the  dial,  equal 
to  the  co-latitude  of  the  place ;  and  the  iunirs 
muft  be  fet  the  contrary  way  on  this  dial,  to 
what  they  are  on  the  horizontal. 

But  if  your  globe  have  more  than  24  men* 
dian  femicircles  upon  it,  you  muft  take  the 
following  method  for  making  bmxantiU  and 
fmitb  dids  hy  it. 

'    Elevate  the  pole  to  the  latitude  of  your  place.  To  con* 
and  turn  the  globe  until  any  particular  meridian  ?^^  *  » 
(fuppofe  the  firft)  comes  to  the  north  point  of^^"*^ 
the  horizon  and  the  oppofite  meridian  will  cut 
the  horizon  in  the  fouth.    Then,  fet  the  hour- 
index  to  the  upperaK>ft  XII  on  its  circle ;  which 
done,  turn  th^  globe  wtftward  until  15  degrees 
of  the  equator  pais  under  the  brafen  meHdian, 
9nd  then  the  hour-index  will  be  at  I,  (for  the  fun 
«moves  15  degrees  every  hour)  and  the  firft  meri- 
dian will  cut  the  horizon  in  the  number  of  de« 
.grtes  irom  the  north  pc^nt,  that  I  is  diftant  from 
a!IL    Turn  on,  until-other  15  degrees  of  the 
equator  pafs  under  the  brafen  meridian,  and  the 
hour-index  will  then  be  at  II,  and  the  firft  oie- 

^  If  ths-lailfcvde  be  4ibttaaed  £roin  90  degrees,  the  re- 
nttoder.il  .ciiUcd  the  co4smiKlf»  or  coiDpIement  pf  tke  ^ 
'IsDUidt* 

ridian 


Hdian  will  cut  the  horizon  in  the  number  ci 
degrees  that  II  is  diftant  from  XII :  and  fo,  by 
nuucing  15  degrees  of  the  equator  pafs  under 
the  braien  meridian  for  eVcry  hour,  the  firft  me- 
ridian of  the  globe  will  cut  the  horizon  in  the 
diftances  of  all  the  hours  from  XII  to  VI,  which 
is  juft  90  degrees  \  and  then  you  need  go  no 
fardier,  for  the  diftances  of  XI,  X,  IX,  VIII, 
VII,  and  VI,  in  the  forenoon^  arc  the  fame 
from  XII,  as  the  diftances  of  I,  II,  III^  IV,  V, 
and  VI,  in  the  afternoon  :  and  tbefe  hour-lines 
continued  through  the  center,  will  give  the 
oppofite  hour-lines  on  the  other  half  of  the  dial: 
but  no  more  of  tbefe  lines  need  be  drawn,  thaa 
what  anfwer  to  the  fun's  continuance  above  the 
horizon  of  your  place  on  the  longeftday,  which 
may  be  eaGly  found  by  the  26th  problem  of  the 
foregoing  lefture. 

Thus,  CO  make  a  horizontal  dial  for  the  lati- 
tude of  London,  which  is  5  it  degrees  north, 
elevate  the  north  pole  of  the  globe  5  if  degrees 
above  the  north  point  of  the  horizon,  and  then 
turn  the  globe,  until  the  firft  meridian  (which 
is  that  of  London  on  the  Engliftt  terreftrial 
globe)  cuts  the  north  point  of  the  horizon,  and 
^t  the  hour-index  to  XII  at  noon. 

Then,  turning  the  slobe  weftward  until  the 
index  points  fucceffively  to  I,  II,  III,  IV,  V, 
and  VI,  in  the  afternoon^  or  until  15,  30,  45, 
60, 75,  and  90  degrees  of  the  equator  pafi  under 
the  brafen  meridian,  you  will  find  that  the  firft 
meridian  of  the  globe  cuts  the  horizon  in  the 
following  numbers  of  degrees  from  the  north 
towards  the  eaft,  viz.  iif  24J,  3^.^  53;, 
7i,V>  and  90 ;  which  are  the  refpeAivc  diftances 
of  the  above  hoUrs  from  XII  upon  the  plane  of 
the  horizon. 

To 
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To  transfer  thcfc,  and  the  reft  of  ^  the  hoars,  PlateXXl 
to  a  Horizontal  plane,  draw  the 'parallel  right  ^'2*  i* 
lines  a  c  and  b  d  upon  chat  plane-,  as  far  from 
each  other  as  is  equal  to  the  intended  thicknefs 
of  the  gnomon  or  ftile  cf  the  dial,  and  the  fpace 
included  between  them  will  be  the  meridian 
or  twelve  o'clock  line  oh  the  dial.  Crofs  this 
meridian  at  right  angles  with  the  fix  o'clock  line 
g  />,  and  fetting  one  foot  of  your  compafles  in  the 
mterfeftion  <i,  as  a  center,  defcribe  the  quadiiant 
jf  e  with  any  convenient  radius  or  opening  of  the 
compafles :  then,  fetting  one  foot  in  the  inter* 
feftion  ^,  as  a  center,  with  the  fame  radius  de- 
fcribe the  quadrant /i&,  and  divide  each  qua- 
drant into  90  equal  parts  or  degrees,  as  in  the 
figure. 

Becaufe  the  hour-lines  are  lefs  diftant  from 
each  other  about  noon,  than  in  any  other  part  of 
the  dial,  it  is  beft  to  have  the  centers  of  thefe 
quadrants  at  a  little  diftance  from  the  center  of 
the  dial-plane,  on  the  fide  oppofite  to  XII,  in 
order  to  enlarge  the  hour-diftances  thereabout 
under  the  fame  angles  on  the  plane.  Thus,  the 
center  of  the  plane  is  at  C,  but  the  centers  of  the 
quadrants  at  a  and  b. 

Lay  a  ruler  over  the  point  b  (aqd  keeping  it 
there  for  the  center  of  all  the  afternoon  hours  in 
the  quadrant  f  b)  draw  the  hour-line  of  I, 
through  1 1 7  degrees  in  the  quadrant;  the  hour- 
line  of  II,  through  24:^degrees;  of  III,  through 
38tt  degrees;  IlII,  through  534-,  and  V  through 
7ItV'  ^<^d  becaufe  the  fun  riles  about  four  in 
the  morning,  on  the  longeft  days  at  London, 
continue  the  hour-lines  of  lUI  and  V,  in  the 
afternoon,  through  the  center  b  to  the  oppofite 
fide  of  the  dial.— This  done,  lay  the  ruler  to  the 
center  0,  of  the  quadrant  r  f,  .and  through  the 
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like  divifions  or  degreei  of  that  aiiadrant»  m 
ii4,  24t.  38A»  53tf  wd  7ItV»  draw  thcftw- 
noon  hour-lines  of  XI,  X,  IX,  VIIU  and  Vlh 
and  becaufe  the  fun  fees  not  before  eight  in  tk 
evening  on  the  longeftdays,  continue  the  boiR^ 
lines  ot  VII  and  Vlil  in  the  forenoon,  through  tbe 
center  a^  to  VII  and  VIII  ia  the  afternoon;  aad 
ill  the  hour-lines  will  be  Bnifhcd  on  thisdiai; 
to  which  the  hours  may  be  fc  r,  as  in  the  figure. 

Laftly,  through  51^  degrees  of  either  quad- 
rant,  and  from  its  center,  draw  the  right  line  %\ 
for  the  hypothenufe  or  axis  of  the  gnomon  gi%\ 
and  from  g^  let  fall  the  perpendicular  j^i,  upoe 
tbe  meridian  line  j/,  and  there  wiU  be  atriande 
made,  whofe  fides  are  ag^  gi^  and  i  a.  If  a 
plate  fimilar  to  this  triangle  be  made  as  thick  2) 
thediftance  between  the  lines  at  and  bd^  andfct 
upright  between  them,  touching  at  a  and  h^  in 
hypothenufe  ag  wii  be  parallel  to  the  axisof  the 
>¥orld,  when  the  dial  is  truly  fet;  and  will  cafta 
(hadow  on  the  hour  of  the  day. 

N.  B.  The  trouble  of  dividing  the  two  quad- 
rants may  be  faved,  if  you  have  a  fcale  with  t 
line  of  chords  upon  it,  fuch  as  that  on  the  right 
hand  of  the  plate  :  for  if  you  extend  the  com- 
palTes  from  o  to  60  degrees  of  the  line  of  chords, 
and  with  that  extent,  as  a  radius,  defcribc  the 
two  quadrants  upon  their  refpeclive  centers,  the 
above  diftances  may  be  taken  with  the  com- 
pafies  upon  the  line,  and  fet  off  upon  the  quad- 
rants. 
Fig.  2.         ^^  w^*^  an.ere£l  dire^l  foutb  dial.    Elevate  the 
To  con.    pole  to  the  co-latitude  of  your  place,  and  pro- 
ftrua  an    cecd  in  all  refpefts  as  above  taught  for  the  hori- 
iTrj>«/^2ontal  dial,  from  VI  in  the  morning  to  VI  in 
the. afternoon,  only  the  hours  muft  be  rcverfed, 
is  in  the  figure  -,  and  the  hypotlitnoie  o^,  of  tbe 
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•gnomon  agf^  mud  make  an  angle  with  the  dial- 
plane  equ^  to  the  co-latitude  of  the  place.  As 
the  fun  can  fhine  no  longer  on  this  dial,  than 

.from  fix  in  thfc  morning  until  fix  in  the  evening, 
there  is  no  occafion  for  having  any  more  than 
twelve  hours  upon  it. 

Te  make  an  ere£l  dialy  declining  from  the  foutb  To  con- 
towards  the  eaft  or  weft.  Elevate  the  pole  to  the  ^^ua  an 
latitude  of  your  place,  and  fcrew  the  quadrant  of '^f?^^'* 
altitude  to  the  zenith.     Then,  if  your  dial  de-  ^J^/^f 

-  dines  towards  the  eaft.  (which  we  ihall  fuppofe 
it  to  do  at  prefent)  count  in  the  horizon  the 
degrees  of  declination,  from  the  eaft  point  to-' 
wards  the  north,  and'  bring  the  lower  end  of  the 
quadrant  to  that  .degree  of  declination  at  which 
the  reckoning  ends.  This  done,  bring  any  par- 
ticular meridian  of  your  globe  (as  fuppofe  the 
firft  meridian)  diredly  under  the  graduated  edge 
of  the  upper  part  of  the  brafen  meridian,  and 
fet  the  hour-index  to  XII  at  noon.  Then,  keep- 
ing the  quadrant  of  altitude  at  the  degree  of 
declination  in  the  horizon,  turn  the  globe  eaft« 
ward  on  its  axis,  and  obferve  the  degrees  cut  by 
the  firft  meridian  in  the  quadrant  of  altitude 
(counted  from  the  zenith)  as  the  hour-index 
comes  to  XI,  X,  IX,  &c.  in  the  forenoon,  or  as 
15,  30,  45,  &c,  drgrces  of  the  equator  pafs  under 
the  brafen  meridian  at  ihcfe  hours  relpeftivcly ; 
and  the  degrees  then  cut  in  the  quadrant  by  the 
firft  meridian,  are  the  refpe&ive  diftances  of  the 
forenoon  hours  from  XII  on  the  plane  of  the 
dial. — Then,  for  the  afternoon  hours,  turn  the 
quadrant  of  altitude  round  the  zenith  until  ic 
comes  to  the  degree  in  the  horizon  oppoGte  to 
that  where  ic  was  placed  before;  namely,  as  far 
from  the  weft  point  of  the  horizon  towards  the 
fyukh^  as.it  was  fpt  at  firil  from  the  eaft  point  to- 

Y  2  wards 


326  Of  Bklmg, 

wards  the  north  ;  anti  turn  the  globe  weftwud 
on  it^  axist  umil  the  iirft  meridian  comes  totk 
brak'n  meridian  again,  and  the  hour-indejt  ift 
XII :  then,  continue  to  turn  the  globe  weft- 
ward,  and  as  the  index  points  to  the  afternooa 
hours  I,  n.  111,  Sea  or  as  15,  30,  45*  &c.  de- 
grees  of  the  equator  pafs  under  the  brafcn  meri- 
dian, the  firft  meridian  will  cut  the  quadrant  (K 
altitude  in  the  refpcftivc  number  of  degrees 
from  the  zenith,  that  each  of  thefe  hours  is  Irom 
XII  on  the  dial. — And  note,  that  when  the  ixt 
meridian  goes  otf  the  quadrant  at  the  horizon,  in 
the  forenoon,  the  hour-index  Ihews  the  tiux 
when  the  fun  will  come  upon  this  dial:  aixi 
v/hen  it  goes  off  the  quadrant  in  the  afterDOOOf 
the  index  will  point  to  the  time  when  the  fun 
goes  oft  the  dial. 

Having  thus  found  all  the  hour-diftances  from 
XII,  lay  them  down  upon  your  dial-ptate,  cither 
by  difiding  a  femicircle  into  two  quadrants  of 
90  degrees  each  (beginning  at  the  hour-line  of 
XII)  or  by  the  line  of  thords^  as  above  diredcd. 

In  ail  declining  dials,  the  line  on  which  the 
ftile  or  gnomon  ftands  (commonly  called  the 
fubJUU'line)  makes  an  angle  with  the  twelve 
o'clock  line,  and /alls  among  the  forenoon  hour- 
lines,  if  the  dial  declines  towards  the  eaft;  and 
among  the  afternoon  hour-lines,  when  the  dial  de- 
clines towards  the  weft;  that  is,  to  the  left  hand 
from  the  twelve  o'clock  line  in  the  former  cafe, 
and  to  the  right  hand  from  it  in  the  latter. 

To  find  the  diftance  of  the  fubftile  from  the 
twelve  o'clock  line  \  if  your  dial  declines  from 
the  fouth  towards  the  eaft,  count  the  degrees 
of  that  declination  in  the  horizon  from  the  eaft 
point  toward  the  north,  and  bring  the  lower  end 
of  the  quadrant  of  altitude  to  that  degree  of 
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declination  where  the  reckoning  ends :  then, 
turn  the  globe  until  the  firft  meridian  cuts  the 
horizon  in  the  like  number  of  degrees,  counted 
from  the  fouth  point  toward  theeaft;  and  the 
quadrant  and  firlt  meridian  will  then  crois  one 
another  ot  right  angles,  an  J  the  number  of  de- 
grees of  the  quadrant,  which  are  intercepted 
•  between  the  firlt  meridian  and  the  zenith,  is 
equal  to  the  diftance  of  the  fubftile  line  from  the 
twelve  o'clock  line ;  and  the  number  of  degrees 
of  the  firft  meridian,  which  are  intercepted  be- 
tween the  quadrant  and  the  north  pole,  is  equal 
to  the  elevation  of  the  jQ:ile  above  the  plane  of 
the  dial. 

If  the  dial  declines  weftward  from  the  fouth, 
count  that  declination  from  the  eaft  point  of  the 
horizon  towards  the  fouth,  and  bring  the  quad- 
rant of  altitude  to  the  degree  in  the  horizon  at 
which  the  reckoning  ends;  both  for  finding  the 
forenoon  hours,  and  the  diftance  of  the  fubdile 
from  the  meridian:  and  for  the  afternoon  hours, 
bring  the  quadrant  to  the  oppofite  degree  in  the 
horizon,  namely,  as  far  from  the  well  towards 
the  north,  and  then  proceed  in  all  refpedts  as 
abov)^. 

Thus,  we  have  finiihed  our  declining  dial  \ 
and  in  fo  doing,  we  made  four  dials,  viz. 

I.  A  north  dial,  declining  eaft  ward  by  the 
fame  number  of  degrees,  z.  A  north  dial,  de- 
clining the  fame  number  weft.'  3.  A  fouth 
dial,  declining  eaft.  And,  4.  a  fouth  dial  de- 
clining weft.  Only,  placing  the  propcrr  number 
of  hours,  and  the  ftile  or  gnomon  refpe«5lively, 
upon  each  plane.  For  (as  above-mentioned) 
in  the  fouth  weft  plane,  the  fubftilar-line  falls 
among  the  afternoon  hours  ;  and  in  the  fouth- 
eaft,  of  the  fame  declination  among  the  forenoon 
Y  3  hours. 
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hour?,  at  equal  diftances  from  XIL     Andfe, 
all  the  morning  hours  on  the  weft  decliner  will 
be  like  the  afternoon  hours  on  the  eaft  dcclifwr. 
the  fouth-eaft  decliner  will  produce  the  nord^ 
weft  decliner*,  and  the  fouth-weft  decliner,  the 
nonh-eaft  decliner,  by  only  extending  the  hour- 
linesj  ftile  and  fubftile,  quite  through  thecentcr; 
the  axis  of  the  ftile  (or  edge  that  calls  the  (hadow 
on  the  hour  of  the  day)  being  in  all  dials  what- 
ever  parallel  to  the  axis  of  the  world,  and  coofe- 
f,uent1y  pointing  towards  the  north  pole  of  the 
heaven  in  north  latitudes,  and  towards  the  fouth 
pole,  in  fouth  latitudes.     See  mare  of  this  in  th 
follcnvhig  Ie£lure. 
An  cafy         But  bccaufe  every  one  who  would  like  to  make 
method     a  dial,  may  perhaps  not  be  provided  with  a  globe 
for  con-    ^Q  a(j-j(^  hifp^  and  may  probably  not  uoderftand 
ot^Malf    ^^^  method  of  doing  it  by  logarithmic  calcula- 
tion ;  we  ftiall  fhcw  how  to  perform  it  by  the 
plain  dialing  lines,   or   fcale  of  latitudes  and 
nours ;  fuch  as  thofe  on  the  right  hand  of  Fig, 
4.  in  Plate  XXI,  or  at  the  top  of  Plate  XXII, 
and  which  mny  be  had  on  fcalcs  commonly  fold 
by  the  mathematical  inftrument  makers. 

This  is  the  eafieft  of  all  mechanical  methods, 
and  by  much  the  beft,  when  the  lines  are  truly 
divided  :  not  only  the  half  hours  and  quarten 
may  be  laid  down  by  all  of  them,  hut  every  fifth 
minute  by  m-oft,  and  every  finele  minute  by 
thofe  where  the  line  of  hours  is  a  foot  in  length. 
Having  drawn  your  double  meridian  line  ah^ 
**^^  ^'  e  dy  on  the  plane  intended  for  a  horizontal  dial, 
and  eroded  it  at  right  angles  by  the  fix  o'clock  line 
fe  (as  in  Fig.  i.)  take  the  latitude  of  your  place 
with  the  compafles,  in  the  fcale  of  latitudes,  and 
fet  that  extent  from  c  to  f,  and  from  a  to/,  on 
(he  fix  o'clock  line :  then,  taking  the  whole  fix 

hour; 
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hours  .between  the  points  of  the  compafles  in  the 
fcale  of  hours,  with  that  extent  fet  one  foot  in  the 
point  ^  and  let  the  othet  foot  fall  where  it  will 
upon  the  meridian  line  cd^  as  at  i.  Do  the  fame 
ix^mfxo  h^  and  draw  the  right  lines  td  zndfh^ 
each  of  which  will  be  equal  in  length  to  the  whole 
fcale  of  hours.  This  done,  feiting  one  fooc  X}f 
the  compaiTes  in  the  beginning  of  the  fcale  atXII, 
and  extending  the  other  to  each  hour  on  the 
fcale,  Uy  off  tbefe  extents  from  ^  to  ^  for  the 
afternoon  hours,  and  from  b  to /for  thofe  of  the 
fonenoon :  thia  will  divide  the  lines  d  e  and  if 
in  the  fame  manner  as  the  hour-fcale  is  divided, 
At  I,  2,  3,  4,  5  and  6 ;  on  which  the  quarters 
may  alfo  be  laid  down,  if  required.  Then,  lay- 
ing a  ruler  on  the  point  r,  draw  the  firft  five 
hours  in  the  afternoon,  from  that  point,  through 
the  dots  at  the  numeral  figures  i,  2,  3,  4,  5,  on 
the  line  dis  and  continue  the  lines  of  IIII  and  V 
through  the  center  c  to  the  other  fide  of  the  dial, 
for  the  like  hours  of  the  morning ;  which  done, 
lay  the  ruler  on  the  point  a^  and  draw  (he  laft 
five  hours  in  the  forenoon  through  the  dots 
^,  4,  3,  a,  I,  on  the  line  /  k  \  continuing  the 
.  hour-lines  of  VII  and  VIII  through  the  centers 
to  the  other  fide  uf  the  dial,  for  the  like  hours 
of  the  evening;  and  fet  the  hours  to  their  re- 
fpedkive  lines  as  in  the  figure.  Laftly,  make  the 
gnomon  the  fanoe  way  as  taught  above  for  the 
horizontal  dial,  and  the  whole  will  be  finilhed.  < 

To  makt  an  ereft  fouth  dial,  take  the  co-la- 
titude of  your  place  from  the  fcale  of  latitudes, 
and  then  proceed  in  all  refpeds  for  the  hour- 
tines,  as  in  the  horizontal  dial ;  only  reverfing 
the  hours,  as  in  Fig.  a «,  and  making  the  angle 
fif  (he  ft9e*8  height  equal  to  the  co-latitude. 

Y  4  I  have 
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I  have  dniwn  out  a  fet  of  dialiog  lines  upn] 
the  top  of  the  22d  Plate,  laVge  enough  for  mak- 
ing a  dial  of  nine  inches  diameter^*  or  morc^ 
inches  if  required  ;  and  have  drawn  them  tole- 
rably exad:  for  cammonpraflice^  to  cilery  quarter 
of  an  hour.  This  fcale  may  be  cut  off  from  the 
plate,  and  piftcd  on  wood^  or  upon  the  infide  of 
one  of  the  boards  of  this  book  i  and  then  it  will 
be  Ibint^vvhat  more  exad  ihan  it  is  on  the  pUic, 
for  being  rightly  diWded  upon  the  copper^plaic^ 
and  printed  off  on  wet  paper,  it  flirinks  as  the 
paper  dries :  but  when  it  is  wetted  again,  it 
xlrctches  to  the  fame  fize  as  when  newly  printed-, 
and  if  pafted  on  while  wet,  it  will  remain  of  that 
fize  afterwards. 

But  left  the  young  dlalid  fhould  have  neither 
globe  nor  wooden  fcale,  and  fhould  tear  or 
otherwife  fpoil  the  paper  one  in  palling,  we  (hall 
now  (hew  him  how  he  may  make  a  dial  without 
any  of  thefe  helps.  Only,  if  he  has  not  a  line 
.of  chords,  he  mud:  divide  a  quadrant  into  90 
equal  parts  or  degrees  for  taking  the  proper  angle 
of  the  ftile's  elevation,  which  iseafily  done. 

With  any  opening  of  the  compaffcs,  as  Z  £, 
defcribe  the  two  (cmicircles  LFk  and  L^k^ 
upon  the  centers  Z  and  Zy  where  the  (ix  o'clock 
line  crofTes  the  double  meridian  line,  and  divide 
taiJiaL  each  femicircle  into  1 2  equal  parts,  beginning  at 
L  (though,  (Iridly  fpeaking,  only  the  quadrants 
from  L  to  the  fix  o'clock  line  need  be  divided) : 
then  connedt  the  divifions  which  are  equididant 
from  L,  by  the  parallel  lines  KM^  IN,  HO^  GPy 
and  F^  Draw  V  Z  for  the  hypothenufc  of  the 
ilile,  making  the  angle  VZE  equal  to  the  lati- 
titude  of  your  place;  and  continue  the  line  VZ  io 
R.  Draw  the  line  R  r  parallel  to  the  fix  o'clock 
line,  and  fet  off  the  didance  a  K  from  Z  to  2", 

the 
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^^ftancc  */from  Z  to  X^cH  from  Z  to  /T, 

;^  '^om  Z  to  f ,  and  e  F  from  Z  to  S.     Then 

^,J^  the  lines  SsjTi^lVwy  Xx,  and  T;^,  each 

^^^,Mcl  to  R  r.     Set  off  the  diftance  y  r  from  d 

^^  ^  I,  and  from/  to  i  •,  the  diftance  xXfrom  b 

^^^^.  lo,  and  from ^  to  2  ;  wJV from  c  to  9,  and 

^^'^tjm  ifr  to  3  •,  /  y  from  ^  to  8,  and  from  /  to 

'^   »  J  5  from  e  to  7,  and  from  n  to  5,    Then  lay- 

1^  a  ruler  to  the  center  Z,  draw  the  forenoon 

^^^ur  lines  through  the  points  11,  10,  9«  8,  71 

^nd  laying  it  to  the  center  z^  draw  the  afternoon 

IlIdcs  through  the  points  i,  2,  3,  4^  5;  continu* 

s  ng  the  forenoon  lines  of  VII  and  Vill  through 

^he  center  Z,  to  the  oppofire  fide  of  the  dial,  for 

che  like  afternoon  hours;  and  the  afternoon  lines 

Jlil  and  V  through  the  center  z,  to  theoppofitc 

fide,  for  the  like  morning  hours.    Set  the  hours 

to  tbefe  lines  as  in  the  figure,  and  then  ereft 

the  ftile  or  gnomon,  and  the  horizontal  dial  will 

be  fimiflied. 

To  conftruft  a  fouth  dial,  draw  the  line  VZ^  South 
making  an  angle  with  the  meridian  Z  L  equal  ^/W. 
CO  the  a)-latitude  of  your  place ;  and  proceed  in 
all  refpe&s  as  in  the  above  horizontal  dial  for  the 
fame  latitude,  reverfing  the  hours  as  in  Fig«  2. 
and  making  the  elevation  of  the  gnomon  equal 
to  the  co-latitude. 

Perhaps  it  may  not  be  unacceptable  to  explain 
the  method  of  conftrudt  ing  the  dialing  lines,  and 
ibme  others  ;  which  is  as  follows. 

With  any  opening  of  the  compafics,  as  E  A^  piatc 
according  to  the  intended  length  of  the  fcaie,  XXlf* 
defcribe  the  circle  ABCB^  and  crofs  it  at  right 
angles  by  the  diameters  C  E  A  and  Z>  E  B.  pig.  1, 
Divide  the  quadrant  i^  J3  firft  into  9  equal  parts,  DialtMg 
and  then  each  part  into  lO;  folhall  the  quadrant  ^'^'>  ^^^ 
be  divided  into  90  equal  parts  or  degrees.  Draw  ^^'*'^"^' 

the 
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the  rigdc  line  A FB  for  the  chord  of  thb  qoi 
rant,  and  letting  one  foot  of  the  cornpaflbi 
the  point  Aj  extend  the  other  to  the  fevcml  (foi' 
fions  of  the  quadrant,  and  transfer  thefc  dtvifiot 
to  the  line  AtB  by  the  arcs  to  lo,  20  20,  let 
and  this  will  be  a  line  of  chords,  divided  iflta90 
unequal  parts  %  which,  if  transferred   from  rhc 
line  back  again  to  the  quarirant,  will  divide  it 
equally.     It  is  plain  by  the  figure,  that  the  dif- 
tance  from  A  to  60  in  the  line  of  chordf,  is  juft 
equal  to  /f  £,  the  radius  of  the  circle  from  which 
that  line  is  madei  for  if  the  arc  60  60  be  coo* 
tinucd»  of  which  J  is  the  center^  it  gcjcs  erafllf 
through  the  center  E  of  the  arc  A  Bw 

And  therefore,  in  laying  down  any  number  of 
degrees  on  a  circle,  by  the  line  of  chords,  you 
moft  fird  open  the  compaiTes  fo,  as  to  take  in 
juft  60  degrees  upon  that  line,  as  from  ^to  60: 
and  then,  with  that  extent,  as  a  radius,  defcribe 
a  circle  which  will  be  exactly  of  the  fame  fizc 
with  that  from  which  the  line  was  divided : 
which  done,  fet  one  foot  of  the  cotnpafles  10  the 
beginning  of  the  chord  line,  as  at  >/,  and  extend 
the  other  to  the  number  of  degrees  you  wane 
upon  the  line,  which  extent,  applied  to  the  circle^ 
will  include  the  like  number  of  degrees  upon 
it. 

Divide  the  quadrant  CD  into  90  equal  parts, 
and  from  each  point  of  diviOon  draw  r^ht  line^ 
as  iy  4r,  /,  &c.  to  the  line  C  E\  all  perpendicular 
to  that  line,  and  parallel  to  D  £,  which  will  di- 
vide EC  into  a  line  of  fines;  and  although  thefe 
arefeldom  put  among  the  dialing  lines  on  a  fcale, 
yet  they  affift  in  drawing  the  line  of  latitudes. 
For,  if  a  ruler  be  laid  upon  the  point  Z),  and 
over  each  divifion  in  the  line  of  fines,  it  will 
divide  the  quadrant  C  B  into  90  qnequal  parts, 

as 
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\  us  B  a^  ah^  &C.  fhewn  by  the  right  lines  lo  4, 
I  20  ^,  30  r,  &c.  drawn  along  the  edge  of  the  ruler. 
If  the  right  Knc  5  C  be  drawn,  fubte^dihg  this 
.  quadrant,  and  the  heareft  diftances  Ba^B^Bc^ 
&c.  be  taken  in  the  compafles  from  By  and  fet 
upon  this  line  in  the  fame  manner  as  dire6ted  for 
the  line  of  chords,  it  will  make  a  line  of  latitudes 
B  C,  equal  in  length  to  the  line  of  chords  A  B^ 
and  of  an  equal  number  of  divifions,  but  very 
unequal  as  to  their  lengths. 

Draw  the  right  line  D  G  Jj  fubtending  the 
quadrant  D  A\  and  parallel  to  it,  draw  the  right 
line  TSy  touching  the  quadrant  HA  at  the  nume- 
ral figure  3.  Divide  this  ouadrant  into  fix  equal 
parts,  as  I,  2,  3,  &c.  and  through  thefe  points  of 
divifion  draw  right  lines  from  the  center  E  to 
the  line  r  j,  which  will  divide  it  at  the  points 
where  the  fix  hours  are  to  be  placed,  as  in  the 
figure*  If  every  fixth  part  of  the  quadrant  be 
fubdivided  into  four  equal  parts,  right  lines 
drawn  from  the  center  through  thefe  points  of 
divifion,  and  continued  to  the  Ime  r  j,  will  divide 
each  hour  upon  it  into  quarters. 

In  Fig.  2.  we  have  the  rcprefcntation  of  a^^^^. 
portable  dial,  which  may  be  cafily  drawn  on  a«  tar4. 
card,  and  carried  in  a  pocket-book.  The  lines 
ad^ah  and  ^ ^  of  the  gnomon  muft  be  cut  quite 
through  the  card^  and  as  the  end  ^  ^  of  the  gno« 
mon  is  raifed  occafionally  above  the  plane  of  thp 
dial,  it  turns  upon  the  uncut  line  ^  J  as  on  a 
hinge.  The  line  dotted  A  B  muft  be  flit  quic$ 
through  the  card,  and  the  thread  muft  be  put 
through  the  flit,  and  have  a  knot  tied  behind,  to 
keep  it  from  being  eafily  drawn  out.  On  the 
other  end  of  this  thread  is  a  fmall  plummet  D, 
and  on  the  middle  of  it  a  fmall  bead  for  (hewing 
fhe  time  of  the  day. 

Tq 
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To  rcaify  this  dial,  fct  the  thread  in  the  &| 
right  againft  the  day  of  the  month,  and  fiirtck  1 
the  thread  from  the  day  of  the  month  over  the 
angular  boint  where  the  curve  lines  meet  at  XU; 
then  (hift  the  bead  to  that  point  on  the  thread, 
2od  the  dial  will  be  rectified. 

To  find  the  hour  of  the  day,  raife  the  gnomon 
'/no  matter  how  much  or  how  little)  and  holi 
the  edge  of  the  dial  next  the  gnomon  tovards 
the  fun,  lb  as  the  uppermoft  edge  of  the  (badow 
of  the  gnomon  may  jufl:  cover  the  Jbad^nyfms 
and  the  bead  then  playing  freely  on  the  face  of 
the  dial,  by  the  weight  of  the  plummet,  will 
(hew  the  time  of  the  day  among  the  hourJines, 
as  it  is  forenoon  or  afternoon. 

To  find  the  time  of  fun-rifing  and  ietdng, 
move  the  thread  among  the  hour-lines,  until  it 
either  covers  fome  one  of  them,  or  lies  parallel 
betwixt  any  two ;  and  then  it  will  cut  the  time 
of  fun-rifing  among  the  forenoon  hours,  and  of 
fun-fetting  among  the  afternoon  hours,  on  that 
day  of  the  year  for  which  the  thread  is  fet  in  the 
fcale  of  months. 

To  find  the  fun's  declination,  ftrctch  the  thread 
from  the  day  of  the  month  over  the  angular 
point  at  XII,  and  it  will  cut  the  fun's  declina- 
tion, as  it  is  north  or  fouth,  for  that  day,  in  the 
arched  fcale  of  north  and  fouth  declination. 

To  find  on  what  days  the  fun  enters  the 
figns :  when  the  bead,  as  above  rectified,  moves 
along  any  of  the  curve  lines  which  have  the  figns 
of  the  zodiac  marked  upon  them,  the  fun  enters 
thoie  figns  on  the  days  pointed  out  by  the  thread 
\Xi  the  icale  of  months. 

The  conftruftion  of  this  dial  is  very  eafy, 
efpecially   if  the  reader  compares  it  all  along 

with 
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vfich  Fig.  3*  as  he  rcaijs  the  followiog  explana- 
tion of  that  figure. 

Draw  the  occulc  line  jIB  parallel  to  the  top  of  Fig.  j. 
the  card,  and  crofs  it  at  right  angles  with  the  fix 
o'clock  line  EC  D%  then  upon  C,  as  a  center, 
with  the  radius  C//,  dcfcribc  the  fcmicircle  JEL^ 
and  divide.it  into  la  equal  parts  (beginning  at 
jf)  as  yf  r>  ji  Sf  &c.  and  from  thefe  points  of 
divifion,  draw  the  hour-lines  r»  J,  /,  u^  v^  E^  w^ 
and  X,  all  parallel  to  the  fix  o'clock  line  E  C. 
If  each  part  of  the  femicircle  be  fubdtvided  into 
four  equal  parts,  they  will  give  the  half-hour 
lines  and  quarters,  as  in  Fig.  2.  Draw  the  right 
line  jISDoj  making  the  angle  jyf  J?  equal  to  the 
latitude  of  your  place.  Upon  the  center  /I  de- 
fcribe  the  arch  RST^  and  fet  ofi^  upon  it  the  arcs 
S  R  and  S  Ty  each  equal  to  234  degrees,  for  the 
fun's  greatelt  declination  -,  and  divide  tbem  into 
23t  equal  parts,  as  in  Fig.  2.  Through  the 
interfcflioa  D  of  the  lines  EC  D  and  A  D  0^ 
draw  the  right  line  FD  G  at  right  angles  to 
J  Do.  Lay  a  ruler  to  the  points  J  and  A,  and 
draw  the  line  ARE  through  234.  degrees  of 
ibuth  declination  in  the  arc  S  R  \  and  then  lay* 
ing  the  ruler  to  the  points  A  and  T',  draw  the  line 
ATG  through  23"-  degrees  of  north  declination 
in  the  ate  5  7*;  fo  (hall  the  lines  A RF Uid 
ATG  cut  the  line  F D  G  in  the  proper  length 
for  the  fcalc  of  months.  Upon  the  center  D, 
with  the  radius  D  F,  defcribe  the  femicircle 
Fo  Gy  and  divide  it  into  fix  equal  parts,  F i», 
m  fit  noy  &c.  and  from  thefe  points  of  divifion 
draw  the  right  lines  m  b^  n  f,  p  k^  and  q  4  each 
parallel  to  0  D.  Then  fetting  one  foot  of  the 
compafles  in  the  poin^  F,  extend  the  other  to  A^ 
and  defcribe  the  arc  AzH  for  she  tropic  of  «r  : 
with  the  fame  extent,  letting  one  foot  in  G,  ile* 

fcribc 
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fcribe  the  arc  yf  JEO  for  cbe  tropic  of  ft .   Nni 
fetting  one  foot  in  the  point  h^  and  cstcodiog 
the  other  to  A^  describe  die  arc   AC  I  for  (t^ 
beginnings  of  the  figns  s:  and  /  ;  and  with  the 
fame  extent,  fetdng  one  foot  in  the  point  I,  de* 
faibe  the  arc  J  N  for  the  beginniogs  of  thi 
figns  n  and  a  •    Set  one  foot  in  the  point  ^  ani] 
having  extended  the  other  to^,  dcfcribe  the  irc 
AK  icx  xhit  beginnings  of  the  figns  k  and  «i  s 
and  with  the  fame  extent,  fet  one  foot  in  it,  and 
defcribe  the  arc  ^M  for  the  bcginrtings  of  the 
figns  b  and  mt.     Then,  fetnng  one  foot  in  the 
point  2),  and  extending  the  other  to  A^  defcribe 
the  curve  yf  Z<  for  the  beginnings  of  nr  and  a\ 
and  the  figns  will  be  finifhed.    This  done,  lay  a 
ruler  from  the  point  A  over  tlie  fun's  dcclinatioD 
in  the  arch  i^^?'  (found  by  the  following  uble} 
for  every  fifth  day  of  the  year  •,  and  where  the 
ruler  cuts  the  line  FDG,  make  marks;  and 
place  the  days  of  the  months  right  again  ft  thefe 
marks,  in  the  manner  (hewn  by  Fig.  2.    LafUy» 
draw  the  fljadow  line  P  ^  parallel  to  the  occdc 
line  A  B ;  make  the  gnomon,  and  fct  the  hours 
to  their  refpedive  lines,  as  in  Fig.  2.  and  the  dial 
will  be  finiflied. 
J^g»  4-  There  are  feveral  kinds  of  dials,  which  arc 

called  univerfal^  becaufe  they  ferve  for  all  lati- 
tudes. Of  thefe,  the  bcft  oik;  that  I  know,  is 
Mr.  Pardie\  which  confifts  of  three  principal 
parts ;  the  firft  whereof  is  called  the  borizonial 
An  am-  fUn€(A)^  bccaufe  in  the  praftice  it  mull  be  pa- 
Jf^  raUcl  to  the  horizon.  In  clii;  plane  is  fixt  an 
upright  pin,  which  enters  into  the  edge  of  the 
fecond  part  B  £>,  called  the  pieridional  plane  \ 
which  is  cnade  of  two  pieces,  the  lowelt  whereof 
(B)'n  called  the  quadrant^  becaule  it  contains  a 
<)uac(er  of  a  circle,  divided  ipto  90  degrees;  and 
. .-    .  it 
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it  isonly  into  this  parr,  near  B^  that  the  pin  enters. 
The  other  piece  is  Kfrnidrfk  (D)  adjufted  to  the 
qxiadrant,  and  turning  iait  by  agroove,for  raifing 
ordcpreffing  the  diametert'EF^  of  thefemicircle, 
iwhich  dian^ter  is  called  the  axis  of  the  inftrur 
tnent.     1  he  third  piece  is  a  circle  (G)^  divided 
on  both  fides  into  24  equal  parts,  which  are  the 
hours.    This  circle  is  put  upon  the  meridional 
plane  fo,  that  the  axis  (EF)  may  be  perpendicu- 
lar to  the  circle ;  and  the  point  C  be  the  com- 
mon center  of  the  circle,  feniicircle,  and  quad- 
rant.    The  ftraight  edge  of  the  femicircle  is 
chamfered  on  both  fides  to  a  (harp  edge,  which 
fiafles  through  the  center  of  the  circle.    On  one 
fide  of  the  chamfered  part,  the  firft  fix  months 
of  the  year  are  laid  down,  according  to  the  fun's 
4kclinadon  for  their  refpe^live  days,  and  on  the 
other  fide  the  laft  fuc  months.     And  againft  the 
'days  on  which  the  fun  enters  the  figns,  there  are 
firaight  lines  drawn  upon  the  femicircle,  with  the 
chara&ers  of  the  figns   marked   upon   them. 
There  is  a  black  line  drawn  along  the  middle  of 
the  Upright  edge  of  the  quadrant,  over  which 
hangs  a  thread  (HX  ^^  its  plummet  (I)^  for 
levelling  the  inftrument.    N.^.  From  the  23d 
of  September  to  the  20th  of  March,  the  upper 
furface  of  the  circle  muit  touch  both  the  center 
C  of  xhe  femicircle,  and  the  line  of  r  anditk; 
and  from  the  20th  of  March  to  the  23d  of  Sep- 
.  cember,  the  lower  furface  of  the  circle  muft 
couch  that  center  and  line. 

To  find  the  time  of  the  day  by  this  dial.  Hav- 
ing fet  it  on  a  level  place  in  fun-fliine,  and  ad- 
julled  it  by  the  leveling  fcrews  k  and  4  until  the 
plumb  line  hangs  over  the  bUck  line  upon  the 
edge  of  tWe  quadrant^  and  parallel  to  the  fiud 
edge;  move  the  femicircle  in  the  quadrant^  until 
6  the 
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the  line  of  nr  and  ^  (where  the  circle  touches] 
comes  CO  the  latitude  of  your  place  in  the  qua^ 
drant :  then,  turn  the  whole  oieridional  plaoe 
BD^  with  its  circle  G,  upon  the  horizontal  plane 
A^  until  the  edge  of  the  fliadow  of  the  cirde 
falls  precifely  on  the  day  of  the  month  io  dK 
femicircle ;  and  then,  the  meridional  plane  will 
be  due  north  and  fomh,  the  axis  £  /"  will  be 
parallel  to  the  axis  of  the  worId»  and  will  aft  a 
Ihadow  upon  the  true  time  of  the  dayt  among 
the  hours  on  the  circle, 

N.  B.  As,  when  the  inftrument  is  thus  rcfli- 
fied,  the  quadrant  and  femicircle  are  in  the  place 
of  the  meridian,  fo  the  circle  is  then  in  the  plane 
of  the  equino&ial.  Therefore,  as  the  fun  is  above 
the  equinoctial  in  fummer  (in  nothem  latitudes) 
and  below  it  in  winter ;  the  axis  of  the  femi- 
circle will  call  a  (hadow  on  the  hour  of  the  day, 
on  the  upper  furface  of  the  circle,  from  the  20th 
of  March  to  the  23d  of  September:  and  from 
the  23d  of  September,  to  the  20th  of  March, 
the  hour  of  the  day  will  be  determined  by  the 
Ihadow  of  the  femicircle,  upon  the  lower  furface 
of  the  circle.  In  the  former  cafe,  the  (hadow  of 
the  circle  fails  upon  the  day  of  the  month,  on 
the  lower  parr  of  the  diameter  of  the  lemicircle; 
and  in  the  latter  cafe,  on  the  upper  parr. 

The  method  of  laying  down  the  months  and 
figns  upon  the  femicircle,  is  as  follows.  Draw 
¥\g^  5.  ^^^  I'ig'^c  I'^c  AC  B^  equal  the  diameter  of  the 
femicircle  A  D  B^  and  crofs  it  in  the  middle  at 
right  angles  with  the  line  ECD^  equal  in  length 
to  A  DB  i  then  E  C  will  be  the  radius  of  the 
circle  FCG^  which  is  tha  fame  as  that  of  the 
femicircle.  Upon  £,  as  a  center,  defcribe  the 
circle  FCG^  on  which  fct  off  the  arcs  C  h  an3 
Ciy  each  equal  to  a^t  degrees,  and  divide  ihero 
:accordingly  into  that  number,  for  the  fun's  de- 
3  clination. 
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tiinitJoh«     Then.  layins  the  edge  of  d  ruler 

over  the  center  £,  and  alfo  over  inc  lun's  de?li- 

tMiion  for  every  *  fifth  day  ctf  each  month  (fis  iti 

th^  card  dial)  mark  the  points  on  the  diameter 

\  AB  of  the  femicirckr  from  a  to  g^  iVhieh  are  cut 

:  by  nhe  ruler  \  and  /i&/^r  place  the  days  of  th^ 

*  months  accordingly^  anfwering  the  fun's  declipa* 

tipn.    This  done,  fetting  one  foot  of  the  com-^ 

paflfes  in  C,  and  ^extending  the  other  to  a  or  g^ 

^cfcribc  the  itmyc\xc]tabcdefg\  which  divide 

Into  fix  equal  parts,  and  through  the  points  of 

flivifiOD  draw  right  lines,  parallel  to  CD,  for  the 

beginning  of  the  dnes  (of  which  ode  half  i|re  on 

one  C  IjC  of  the  fcmicircle^  and  the  other  half  on 

the  other  fide)  ^nd  fee  the  charaders  of  the  figns 

to  their  proper  lines,  as  in  the  figure. 

The  following  table  (hews  the  fun's  pUce  und 
declination,  in  degrees  and  minutes,  at  the  noon 
of  every  day  of  the  fecond  year  after  leap-year; 
Vrhich  is  a  mean  between  thofe  of  leap-year  it- 
felf*  and  the  firfi:  and  third  years  after.  It  is 
vfeful  for  infcribing  the  months  and  thejr  days 
on  fun-dials  ;  and  alfo  for  finding  the  latitudes 
of  places,  according  to  the  methods  prefcribed 
after  the  table. 

*  The  intermediate  days  may  be  dr^iwo  jn  by  hand,  if 
^he  fptccs  be  large  enough  U)  contain  ihem^ 
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r 

.  Tcfnd  ibi  ktHmie  $f  any  place  by  ckferv€UioB 

The  latitude  of  any  place  is  eqaal  to  tlie 
cWation  of  the  pole  above  the  liorizoii  of  thai 
place.  Therefore  it  is  plain,  that  )f  a  ftar  was 
fiiCt  in  the  pole,  there  would  be  nothing  rc- 
qubed  to  find  the  latitude,  but  to  take  the  al- 
titude of  that  flar  whh  a  good  inftrument.  But 
although  there  is  no  ftar  in  the  pole,  yet  the 
latitude  may  be  found  by  taking  the  greaceft 
and  leafl:  altitude;  of  any  ft^  that  never  fets:  for 
if  half  the  difference  between  thcfe  altitudes  be 
adtkd  to  the  leaft  altitude,  or  fubtra6ted  from 
the  greateft,  the  fum  or  remainder  wfll  be  equal 
to  the  altitude  of  the  pole  at  the  place  of  ob- 
fcrvation. 

But  becaufe  the  length  of  the  night  muft  be 
more  than  12  hours,  in  order  to  iiare  two  fuch 
obfervations -,  the  fun*s  meridifla  altitude  ^d 
dedination  are  generally  made  ufe  of  for  finding 
the  latitude,  by  means  of  its  complement,  which 
is  equal  to  the  elevation  of  the  equinoftial  above 
the  horizon;  and  if- this  complement  be  fub- 
tr^ed  from  90  degrees,  the  remainder  will  be 
the  latitude:  concerning  which,  I  think,  the  fol- 
lowing rules  take  in  all  the  various  cafes. 

I.  If  the  fun  has  north  declination,  and  ii  on 
the  meridian,  and  to  the  fouth  of  your  place, 
fiibtraft  the  declination  from  the  meridian  alti- 
tude (taken  by  a  good  quadrant)  and  the  re- 
mainder will  be  the  height  of  the  equino£tial  or 
complement  of  the  latitude  north. 


EXAM-. 


EXAMPLE. 

0    iwx/^  % Tketei'smetidundtMidc  42*  ae'  SMitH 

Kern,  the  complement  x>ftiickt«    ^a     5 
Which  fubtradt  from     —    —      90    o 

And  the  rcmaTtitferi^  the  latitude  57    55  North 

i:  If  tfte  fbn  has  fouth  declination^  and  U 
lb<rthS*a^d  of  four  place  at  hdOrt,  add  the  de- 
clination to  tlie  meridian  altitude ;. the fum,  if 
lefs  thari  90  de;grees,  is  the  COtnplettient  of'  khci 
latitude  i^orth  i  but  if  the  fuoi  exceeds  90  de- 
erees»  the  latitude  is  fouth  ^  and  if  90  be  takei^ 
from  that  fufii,  tlie  remainder  will  be  {he  I4* 
(itudet 

E  X  AM  P  L  E  S, 

The  fun^  nieridian  akitode  •»  ^5*  W  Sratfk^ 
The  fun'^a -declination,  add   -«-    15     30  South 

,  .   .  ....         .  .  it I , 

Complement  of  the  latitude 
Siibiraa  fraoi       -^     j^^ 

Kstmitis  iihe  ladtnde         -m^       9    so  iNotvli 

The  fun's  meridian  altitude         80''  40^  SoiMli' 
The  fun's  declination,  add    ^—20     10  South 


The  fum  is 100    50 

From  which  fubtradl  -    -    •    90      o 

Remains  the  latitude   «■   —    10    £0  South. 

3.  If 


j^8  Rules  f&r  jinSng  the  Latkude* 

3.  If  the  Tun  has  north  declination,  and  is  01 
the  meridian  north  of  your  place,  add  the  decli- 
nation to  the  north  meridian  aldtude ;  the  futn, 
if  lets  than  00  degrees,  is  the  complement  of 
the  latitude  fouth :  but  if  the  fum  is  more  than 
90  degrees,  fubtraft  90  from  it,  and  the  t^- 
mainder  is  the  latitude  north. 

EXAMPLES. 

Sun's  meridian  altitude     —     6o'    30'  North 
Sun's  declination,  add       —      zo     10  North 

Complement  of  the  latitude  *  -  80    40 
Subtradt  frqm    -    -    ...    90      o 

Kcmains  the  latitude    -    -    - 


Sun's  meridian  altitude 
Sun's  declination,  add 

The  fum  is     -     -     - 
From  which  fubtraft    - 

Remains  the  latitude    - 


9  20  South 

70**  20'  North 

23  20  North 

93  40 

90  a   » 


3    40  Norths 


4.  If  the  fun  has  fouth  declination,  and  is  north 
of  your  place  at  noon,  fubtraft  the  declination 
from  the  north  meridian  altitude,  and  the  re.^ 
mainder  is  the  complement  of  the  latitude 
Ibuth, 


EXAM- 


Rules  far  finding  the  Latitude. 

EXAMPLE. 

Sun's  mendian  alutu^e    -    -    go^    30'  North 
Sun's  declination,  fubcra£t    -     29     10   Soutli 


Complement  of  the  latitude  -    32     2Q 
Subtract;  this  from    -    *    -       90      o 

And  the  remainder  is  the  latitude  57    40  SoptH 

5r  If  the  fun  has  no  declination,  and  is  Ibuth 
of  your  place  at  poon,  the  meridian  altitude  is 
the  complement  of  the  latitude  north :  but  if 
the  fun  be  then  north  of  your  place,  his  meri^ 
dian  altitude  is  the  complement  pf  the  ladtude 
fpqth. 

EXAMPLES, 

Sun's  meridian  altitude    -    -    38"*   30'  South 
Subtract  from    -----   90      o 

Kemains  the  latitude     r     -     51     30  North 

Sun's  meridian  altitude    -    -     38*  30'  North 
{Subt raft  from    .    -    .    -     -    90      o 

Remains  the  latitude     t     ?      5^     3<>  Soudi« 

6.  If  you  obfirve  the  fun  beneath  t|ie  poK 
fubtraft  his  declination  from  90  degrees,  and 
add  the  remainder  to  his  altitude  s  and  the  fum 
js  the  latitude. 


IX  A  Mr 


35/0  RH!f^Mfin4if%  1^  l^f¥4h 

EXAMPLE. 

Spin's  declination    ....   20^  3a' 
Subtradl  from    -    -    •    -    -    90     o 

Remains ^9     30  2  ^a 

Sun*s  altitude  below  the  pole  -    ib    20  5 

The  fum  is  the  latitude    -    •    79     50. 

Which  is  north  or  fouth,  according  03  the  fun's 
declination  is  north  or  fouth  :  for  when  the  fun 
has  fouth  declination,  he  is  never  fccn~  below 
the  north  pole;  nor  is  he  ever  feen  below  the 
fouth  pole,  when  his  declination  is  north. 

7.  If  the  fun  be  in  the  zenith  at  noon,  and 
at  the  fame  time  has  no  declination,  you  are 
then  under  the  equino&ial,  and  to  have  no 
latitude. 

8.  If  the  fun  be  in  the  zenith  at  noon,  and 
has  declination,  the  declination  is  equal  ^o  the 
latitude,  north  or  fouth.  Thefe  two  cafes  arc 
h  plain,  ^hat  they  require  no  examples. 

L  E  C  T.    XL 

Cf  Dialing. 

HAVING  fliewn  in  the  prccedi(xg  IjCc* 
ture  how  to  make  fMn-dials  by  rthc  ;aflifl> 
ance  of  a  good  globe,  or  of  a  dialing  (c^^  iwe 
fliail  now  proceed  to  the  method  of  conftriiding 
dials  arithmetically  ;  which  will  be  more  agree- 
able to  thofc  who  have  learnt  the  elements  of 

trigo- 
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trigononittry)  bccaufe  globes  atfd  fcales  can 
never  be  ta  acaii:ate  as  the  logarichins9  in  find- 
ing ibe  angular  diftances  of  the  hours.  Yidc,  «s 
a  globe  may  be  found  ezaft  enough  for  fonic 
other  requifues  in  dialingi  we  &aU  take  k  in 
occaiionally. 

The  conftrudlion  of  fun-dials  on  ail  planes 
whatever,  may  be  included  in  one  general  rule: 
intelligible^  if  that  of  a  horizontal  dial  for  any 
given  latitude  be  well  undedtood.  For  tliere  is 
no  plane^  however  obliquely  fituated  with  ce- 
fpt$  to  any  givten  place»  but  what  is  paraUel 
to  the  horizon  of  Ibnie  other  place  %  and  there- 
fbfe»  if  we  can  find  that  other  place  by  a  pro« 
blem  on  the  terrcftrial  globe*  or  by  a  trigonome* 
trital  calculation^  and  conftruft  a  horizontal  di^ 
for  it;  that  dial*  applied  to  the  plane  where  it  is 
(to  fcrve,  will  J3e  a  true  dial  for  ttuut  .pla[ce.-*-Thu8» 
an  ereft  direfi;  iboth  dial  in  51  t  decrees  north 
latitude,  would  be  a  horizontal  ^al  on  tT»e  iaaae 
meridian,  90  d^rees  foutbward  of  ^<^  degr^s 
north  latitude  \  which  falls  in  with  3^:^. degrees 
of  fouth  latitude,  but  if  the  upright  plane  de- 
clines ffom  facing  the  fouth  at  the  given  place* 
it  would  ftill  be  a  horizontal  plane  90  degrees 
from  that  place ;  'but  for  a  different  longitude  : 
which  would  aker  the  reckoning  of  (he  ihours 
accordingly. 

I 
CASE    L 

I.  Let  us  fuppdfe  that  an  upright  plane  at 
London  dedines  36  degrees  wrarward  from 
facing  the  fouth  *,  and  that  it  is  required  to  find 
a  place  on  the  globe,  to  whofe  horizon  the  faid 
plane  is-paraltel;  and  atllb  the  difference  (tf'longir 
tudc  between  London  and  that  place. 

Rcftify 
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o 

^ 

I ^ 

J.f^jmt^J^ 
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\7hk:h  diffi^rcnce  of  longitude  being  con^ 
*rced  into  time,  is  2  hours  51  minutes. 
*  The.  vertical  dial  declining  weft  ward  36  de- 
;rces  at  London^  is  therefore  to  be  drawn  in  all 
cfpeAs  as  a  horizontal  dial  for  fouth  latitude 
\oi  degrees  *,  fave  only,  that  the  reckoning  of 
he  hours  is  to  anticipate  the  reckoning  on  the 
lorizoncal  dial,  by  2  hours  51  minutes  :  for  fo 
nuch  fooner  will  the  fun  come  to  the  meridian 
)f  London,  than  to  the  meridian  of  any  place 
Hrbofe  longitude  is  427  degrees  weft  from  Lon- 
ion. 

2.  But  to  be  more  exaA  than  the  globe  will 
[hew  us,  we  (hall  ufe  a  little  trigonometry. 

Let  I^ESfV  be  the  horizon  of  London,  pj^^^ 
whofe  zenith  is  Z,  and  P  the  north  pole  of  the  xxilf. 
[phere  ^  and  let  Zbht  the  poGtion  of  a  vertical  Fig,  i« 
plane  at  Z,   declining  weftward  from   S  (the 
fouth)  by  an  angle  of  36  degrees  -,  on  which 
plane  an  ereA  dial  for  London  at  Z  is  to  be 
defcribcd.  Make  the  femidiameter  Z  D  perpen- 
dicular to  Z  b^  and  it  will  cut  the  horizon  in  D, 
96  degrees  weft  of  the  fouth  S.    Then,  a  plane 
in  the  tangent  H  D,  touching  the  Ibhcre  in  27, 
will  be  parallel  to  the  plane  Z  b%  and  the  axis  of 
the  fphere  will  be  equally  inclined  to  both  thele 
planes. 

Let  tV^E  be  the  equinoftial,  whofe  eleva- 
tion above  the  horizon  of  Z  (London^  is  384 
degrees  •,  and  jP  iS  D  be  the  meridian  of  the 
place  D^  cutting  the  equinoflial  in  R.  Then, 
It  is  evident,  that  the  arc  RD\&  the  latitude  of 
the  place  D  (where  the  plane  Z  b  wouki  be  hori- 
zontal) and  the  arc  R^is  the  difierence  of 
longitude  of  the  planes  Zb  and  D  H. 

In  the  fpherical  triangle  ff^DR^  the  arc  fTD 

is  given,  for  it  is  the  complement  of  the  plane's 

^  decli- 


<iedlnstion  f«om  S  the  Ibuth  i  which  tompIe<<^ 
mcnt  is  54^  (vii.  ^^ — 36^ :)  the  angle  at  /T, 
in  which  the  meridwi  ^  the  place  2)  cuts  the 
equator,  is  a  right  angle  1  and  the  angle  Rff^D 
mesfures  the  elevation  ol  tihe  ecuinodial  above 
the  horizon  of  Zy  namclf)  367  denees.  Say 
dierefore)  as  radius  is  to  the  cosine  of  the 
plane's  tieclination  from  the  fouth,  fo  is  the  co- 
jfine  of  the  latitude  of  Z  to  the  fine  of  RD  the 
latitude  of  D :  which  is  of  a  different  denomi- 
naticn  from  the  latitude  of  Z,  becaufe  ^  and  D 
are  on  different  fides  of  the  equator* 

As  radius  --:.--  iQxxioop 
To  co-fine  36^  0'=  R^  9'9^79^ 
Soco-fine         51^  30  =  ^?^      979415 

To  fine  30^    i4z=zDR  (9.7o»iOs 

the  latitude  of  D,  wbofe  horizon  is  parallel  to 
the  vertical  plane  Zb  zt  Z. 

JNT.  B.  When  radius  is  made  the  firll  term,  it 
may  be  omitted,  and  then,  by  fubtraSing  it 
mentally  from  the  fum  of  the  oii)er  fvx>»  the 
Operation  will  be  Ihortened.  Thus^  in  thie  pjc^^ 
fent  cafe. 

To  the  logarithmic  fine  of  WRz=!^  54*    0'  .$•907^6 
Add  the  logarictunic  fine  of  R  jD=:f  38^  30*"  9,79415 

Their  fum — jradius  •  -  *  •  ^jf€ni\ 
gives  the  iame  falution  as  above.  And  we  (brfl 
keep  ID  this  method  in  the  folio wio^  part  of  the 
vrorjc. 


•  The  co-f  ac  of  36*    o\  orof  Je  ^ 
t  Thcco-£ac  «f  ii»  30V  prof  J^^ 


To 
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^6  &nd  the  dificrepce  of  longitude  of  the 
t4acc9  jD  and  2»  iay,  as  radius  is  to  the  co-fioc 
of  387  degrees,  the  height  of  the  equinodial  at 
J^,  £>  ia  the  co-tangent  of  36  degrees»  the  plane's 
^ecUnatioQ,  to  the  co-tangent  «f  the  difference 
i^  longitudes.    Thus, 

To  the  logj^ritbmic  fine  of  •  51*  30'  9.89354 
Add  the  logarithmic  tang,  off  54""  q'  id.  i  3  8  74 

Their  fum— radius  ....  10.03228 
13  the  neareft  tangent  of  47^  8'  zzfF  R^  which 
is  the  co-tangent  of  42"*  52'  =  R  ^  the  dif- 
ference of  longitude  fought.  Which  difference^ 
being  reduced  to  time,  is  2  hours  514^  minutes. 

3.  And  thus  having  found  the  exad  latitude 
and  longitude  of  the  place  D,  to  whofe  horizon 
the  verocal  plane  at  Z  is  parallel,  we  Ihall  pro- 
ceed to  the  conftrudiiion  of  a  horizontal  dial  for 
tbft  place  D,  whofe  latitude  is  30''  14'routhi 
but  anticipating  the  time  at  D  by  2  hours  51 
minutes  (negle&ing  the  |-  minute  in  praftice) 
becaufe  D  is  fo  far  weftward  in  longitude  from 
the  meridian  of  London;  and  this  will  be  /i 
tnie  yentical  dial  at  London,  declining  weftward 
36  degrees. 

Afluoae  any  right  line  C  S  Lior  the  fubftile  Fig.  24 
of  the  dial,  and  make  the  angle  KC  P  equal  to 
the  laotude  of  the  place  (viz.  30^  14O  to  whofe 
hprimn  the  plane  of  the  dial  is  parallel ;  then 
CRP  will  be  the  axis  of  the  ftile,  or  edge  that 
fefA$  ^  fliadow  on  the  hours  of  the  day,  in  the 
.dial.  TUi  done,  draw  the  contingent  line  E  ^ 
CAifitiag  the  £abftilar  line  at  right  angles  in  X ; 

.4  Ti^/Gortnej^  %9e  ^q',  ta  o£  W  D  R. 
t  Tlic  ccKaa^tpf  36%  or  of  DW. 

A  a  and 
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and  from  K  makf  K  R  perpendicular  to  the 
C  RP.  Then  K  G  {z=^K  R)  being  made  radw 
that  is,  equal  to  the  chord  of  60'  or  tangent  ol 
45**  on  a  good  fcftor,  take  42*  52'  (the  differ* 
ence  of  longitude  of  the  places  Z  and  D)  from 
the  tangents,  and  having  fet  it  from  K  ro  Mf 
draw  C  M  for  the  hour-line  of  Xll.  Take  If  JV 
equal  to  the  tangent  of  an  angle  leis  by  ij 
degrees  than  KM\  that  is,  the  tangent  27*  5 a'; 
and  through  the  point  iVdraw  CN  fof  the  hour- 1 
line  of  I.  The  tangent  of  12®  52'  (which  is 
15^  Icfs  than  27®  52')  fet  off  the  fame  way,  will 
give  a  point  between  K  and  N9  through  which 
the  hour-line  of  II  is  to  be  drawn.  The  tan- 
gent of  2**  8'  (the  difference  between  45®  and 
42^  52')  placed  Oil  the  other  fide  of  C  Lj  will 
determine  the  point  through  which  the  hour-line 
of  III  is  to  be  drawn:  to  which  2*  8',  if  the 
tangent  of  15^  be  added,  it  will  make  17^  $'; 
and  this  fet  off  from  K  towards  Q^  on  the  line 
E  ^  will  give  the  point  for  the  hour-line  of 
IV :  and  fo  of  the  reft.— The  forenoon  hour- 
lines  are  drawn  the  fame  way,  by  the  continual 
addition  of  the  tangents  15^,  30®,  ^g^^  &c.  to 
42**  52'  (=the  tangent  of  K  M)  for  the  hours 
of  Xi,  X,  IX,  &c.  as  far  as  neceflary;  that  is, 
until  there  be  five  hours  on  each  .fide  of  die 
fubftile.  The  fixth  hour,  accounted  from  that 
hour  or  part  of  the  hour  on  which  the  fubftik 
falls,  will  be  always  in  a  line  perpendicular  to 
the  fubftile,  and  drawn  through  the  center  C. 

4.  In  all  ered  dials,  C  M,  the  hour-line  f& 
XII,  is  perpendicular  to  the  horizon  of  the 
place  for  which  the  dial  is  to  ferve :  for  that 
line  is  the  interfediion  of  a  vertical  plane  with 
the  plane  of  the  meridian  of  the  place»  boti 
which  are  perpendicular  to  the  plane  of  the 

horizon; 


Of  totaling.  257 

horizon:  and  any  line  HO^  or  bo,  perpendi- 
cular to  C  A/,  will  be  a  horizontal  line  on  the 
plane  of  the  dial,  along  which  line  the  hours' 
may  be  numbered  :  and  C  M  being  fet  perpen- 
dicular to  the  horizon,  the  dial  will  have  ics  true 
pofition. 

5.  If  the  plane  of  the  dial  had  declined  by  an 
equal  angle  toward  the  eaft,  its  defcription  would 
have  differed  only  in  this,  thac  the  hour-line  of 
XII  would  have  fallen  on  the  other  fide  of  the 
fubftile  C  £,  and  the  line  H  O  would  have  a 
fubcontrary  polition  to  what  ic  has  in  this 
figure. 

6.  And  thefe  two  dials,  with  the  upper  points 
of  their  ftiles  turned  toward  the  north  pole,  will 
ferve  for  the  other  two  planes  parallel  to  them  \ 
the  one  declining  from  the  north  toward  the 
eaft,  and  the  other  from  the  north  toward  the 
weft,  by  the  fame  quantity  of  angle.  The  like 
holds  true  of '.all  dials  in  general,  whatever  be 
their  declination  and  obliquity  of  their  planes  to 
the  horizon. 


CASE    II. 

7.  If  the  plane  of  the  dial  not  only  declines^  Kg.  3. 
but  alfo  reclines^  or  inclines.  Suppofe  its  declina- 
tion from  fronting  the  fouth  S  be  equal  to  the  arc 
S  D  on  the  horizon  \  and  its  reclination  be 
equal  to  the  arc  Dd  of  the  vertical  circle  D  Z : 
then  it  is  plain,  that  if  the  quadrant  of  altitude 
Z  d  D^  on  the  globe,  cuts  the  point  D  in  the 
horizon,  and  the  reclination  is  counted  upon  the 
quadrant  from  Dtod\  the  intcrfeftion  of  the 
hour-circle  P  Rd,  with  the  cquinoftial  IVS^E^ 
i|vill  determine  R  d^  the  latitude  of  the  place  J, 
A  a  2  whofe 
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wbofc  horizon  is  parallel  to  the  given  plane  Zi  if 
Z\  and  R  ^witl  be  the  difference  in  langitude 
cf  the  planes  at  d  and  Z. 

Trigono metrically  thus:  let  a  great  circk 
pafs  through  the  three  points  tV^  d^  E\  and  in 
the  triangle  PVD  d^  right-angled  at  Z),  the  fidci 
IV  D  and  D  d  are  given  \  and  ihencc  the  angk 
D  IP^  d\%  found*  and  lb  is  the  hy  pothenafc  fVl 
Again»  the  difference,  or  the  fum,  of  D  tVi 
and  D  W  Ry  the  elevation  of  the  cquinodial 
above  the  horizon  of  Z,  gives  the  angle  diVR\ 
and  the  hypothenufe  of  the  triangle  fV  R  d^u 
juft  now  found ;  whence  the  fides  R  i/and  fVR 
are  found,  the  former  being  the  latitude  of  the 
place  d^  and  the  latter  the  complement  oi  R  ^, 
the  difference  of  longitude  fought. 

Thus  if  the  latitude  of  the  place  Z  be  52^  10' 
north  ;  the  declination  S  D  of  the  plane  Z  b 
(which  would  be  horizontal  at  d)  be  36®,  and 
the  reclination  be  1 5°,  or  equal  to  the  arc  Ddi 
the  fouih  latitude  of  the  place  dy  that  is,  the 
arc  R  dj  will  be  i'3^  9'  ;-and  R  O,  the  dific- 
rence  of  the  longitude,  36^  2'.  From  thefc 
data,  therefore,  let  the  dial  (Fig.  4.)  be  de- 
fcribed,  as  in  the  former  example. 

8.  Only  it  is  to  be  obferved,  that  in  the  re- 
clining or  inclining  dials,  the  horizontal  line 
will  not  (land  at  right  angles  to  the  hour-line  of 
XII,  as  in  crcdl  dials;  but  its  pofition  may  be 
found  as  follows. 
Fig.  4.  To  the  common  fubftilar  line  C  K  L^  on 
which  the  dial  for  the  place  d  was  defcribed, 
draw  the  dial  C  r  />  w  12  for  the  place  D,  whofc 
declination  is  the  fame  as  that  of  d  (viz.  the  arc 
5  D ;  and  7/0,  perpendicular  to  C  iw,  the  hour- 
line  of  XII  on  this  dial,  will  be  a  horizontal  line 
on  the  dial  CPRM  XII.     For  the  declination 

of 
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of  both  dials  being  the  fame,  the  horizontal  |ine 
ren[iainfparallelto  itfelf,  while  the  ereft  pofition 
of  one  dial  is  reclined  or  inclined  with  rcfpedt  to 
the  pofition  of  the  other. 

Or,  the  pofition  of  the  dial  may  be  found  by 
applTifijg  it  to  its  plane,  fo  as  to  mark  the  true 
Hour  ofthe  day  by  the  fun,  as  ftiewn  by  another 
dial }  or  by  a  clock,  regulated  by  a  true  meri- 
dian line  and  equation  table. 

9.  There  are  fcveral  other  things  requifite  in 
the  praftice  of  dialing  -,  the  chief  of  which  I 
ihall  give  in  the  forrrf  of  arithmetical  rules, 
fimple  and  eafy  to  thofe  who  have  learnt  the  ele- 
ments of  trigonometry.  For  in  praftical  arts  of 
this  kind,  arithmetic  (hould  be  ufed  as  far  as 
it  can  go ;  and  fcales  never  trufted  to,  except  in 
the  final  conftruftion,  where  they  are  abfolutely 
necefiTary  in  laying  down  the  calculated  hour- 
diftances  on  the  plane  of  the  dial.  And  at- 
though  the  inimitable  artifis  of  this  metropolis 
have  no  occafion  for  fuch  inftruftions,  yet  they 
may  be  of  fome  ufc  to  ftudcnts,  and  to  private 
gentlemen  who  amufe  themfelves  this  way. 

RULE    I. 

To  find  the  angles  which  the  bour-liftes  on  ary  dial 
make  wiib  the  fubJliU. 

To  the  longarithmic  fine  ofthe  given  latitude, 
or  of  the  ftile*s  elevation  above  the  plane  of  the 
dial,  add  the  logarithmic  tangent  of  the  hour 
•  diftance    from    the    meridian,   or  from  the 

•  That  IS,  of  15,  10,  4c,  60,  75*,  for  the  hours  of  f, 
IT,  HI,  IV.  V  in  the  afternoon:  and  XI,  X,  JX,  Vill. 
VII  io  ihe  fo^enooo. 

A  a  3  fub- 
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•f-  fubftilc  \  and  the  fum  minus  radios  will  be 
logarithmic  tangent  of  the  angle  fougb!;. 

For,  in  Fig.  2.  iC  C  is  to  JC  M  in  the  ntt] 
compounded  of  the  ratio  of  Jf  C  to  KG{:^Kt\ 
and  of  KG  to  KM\  which^  making  C K  \k\ 
radius,  io,oooooo»  or  lOjOooo,  or  10,  on,] 
are  the  ratio  of  10,000000^  or  of  jOjOooo,  ff' 
of  10,  or  of  f ,  xoKG  X  K M 

Thus,  in  a  horizontal  diaJ»  for  latitude  51' 
qo',  to  find  the  angular  diftance  of  XI  in  dw 
forenoon^  or  I.  in  the  afternoon,  from  XII 

To  the  logarithmic  fine  of  51   30'**  9-89354  J 
Add  the  logarithmic  tang,  of  15*^  o'    9,42805 

The  fum— radius  is     *      -      -       9.32159—  I 
the  logarithmic  tangent  of  li"^  50%  or  of  the  ' 
angle  which  the  hour-line  of  XI  or  I  makes 
with  the  hour  of  XII. 

And  by  computing  in  this  manner,  with  the 
fme  of  the  latitude,  and  the  tangents  of  30, 
45,  60,  and  75%  for  the  hours  of  II,  IIJ,  IV, 
and  V  in  the  afternoon  ;  or  of  X,  IX,  VIII, 
and  VII  in  the  forenoon ;  you  will  find  their 
angular  diftancesfrom  XII  to  be  24^  i8%  38^  3', 
53°  35%  and  yi^  6'-,  which  are  all  that  there 

is  occafion  to  compute  for. And  thefe  dif- 

tances  may  be  fet  off  from  XII  by  a  line  of 
chords ;  or  rather,  by  taking  1000  from  a  fcalc 
of  equal  parts,  and  fetting  that  extent  as  a  ra« 
dius  from  C  to  XII ;  and  then,  taking  209  of 

f  In  all  horizontal  dials,  and  eredt  north  or  foath  dials, 
the  fubilile  and  meridian  are  the  fame  :  but  in  all  declining 
dials,  the  fubilile  line  makes  an  anj^le  with  the  ineridian. 

X  In  which  caff,  the  radius  C  Kit  fuppofed  to  be  di?ided 
inio  looQoeo  equal  parts. 

5  die 
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the  fame  parts  (which,  in  the  rabies,  are  the 
natural  tangent  of  11^  50)  and  fcrtting  them 
from  XII  to  XI  and  to  I,  on  the  Jine  h  Oy  which  Fig.  2.  ^ 
is  perpendicular  to  C  XII :  and  fo  for  the  reft 
of  the  hour-lines,  which  in  the  table  of  natural 
tangents,  againfl:  the  above  diftances,  are  451, 
782,  1355,  and  2920,  of  fuch  equal  parts  from 
XII,  as  the  radius  C  XII  contains  looo.  And 
laftly,  fet  off  1257  (the  natural  tangent  of  51'* 
30')  for  the  ang;le  of  the  (ble*s  height,  which  is 
equal  to  the  latitude  of  the  place. 

The  reafon  why  I  prefer  the  ufc  of  the  tabu- 
lar numbers,  and  of  a  fcale  decimally  divided, 
to  that  of  the  line  of  chords,  is  becaufe  there  is 
the  leaft  chance  of  miftake  and  error  in  this  way ; 
and  likewife,  becaufe  in  fome  cafes  it  gives  us 
the  advantage  of  a  nonius^  divUion. 

In  the  univerfal  ring-dial,  for  inftance,  the 
divifions  on  the  axis  are  the  tangents  of  the 
angles,  of  the  fun's  declination  placed  on  either 
fide  of  the  center.  But  infiead  of  laying  them 
down  from  a  line  of  tangents,  I  would  make  a 
fcale  of  equal  parts,  whereof  1000  (hould  an- 
fwer  exadtly  to  the  length  .of  the  femi -axis,  from 
the  center  to  the  infidc  of  the  equinodial  ring ; 
and  then  lay  down  434  of  thefe  paas  toward 
each  end  from  the  center,  which  would  limit  all 
the  divifions  on  the  axis,  becaufe  434  are  the 
natural  tangent  of  23^  2cf.  And. thus  by  a 
nonius  affixed  to  the  Aiding  piece,  and  taking 
the  fun's  declination  from  an*  Ephemeris,  and 
the  tangent  of  that  declination  from  the  table  of 
natural  tangents,  the  Aider  might  be  always  fet 
true  to  within  two  minutes  of  a  degree. 

And  this  fcale  of  434  equal  parts  might  be 
placed  right  againft  the  23y  degrees  of  the  fun*s    » 
declination,  on  the  axis,  inftead  of  the  fun's 
A  a  4  place. 
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place,  which  is  there  of  very  little  ufe.     Fori 
then,  the  flider  might  be  fet  rn  the  ufual  w«f, 
to  the  day  of  the  month,  for  common  ufc ;  bs ' 
to  the  naroral  tangent  of  the  declination,  whca 
great  accuracy  is  required. 

The  like  may  be  done  wherever  a  fcalc  of 
fines  or  tangents  is  required  on  any  inftrameni 


RULE  n. 


The  latitude  of  the  place^  thefu^s  decb'maiimi,  and 
his  hour  dijlancefrom  ibe  meridian,  Mng  giveni 
to  find  {I.)  bis  altitude ;  (2.)  bis  axsmufb. 

Fig.  3'  1-  Let  d  be  the  fun*s  place,  d  /?,  his  decli- 
nation \  and  in  thr  triangle  P  Zd^  P  d  the  fum, 
or  the  difference,  of  d  Rj  and  the  quadrant  PR 
being  given  by  the  fuppofition,  as  alfo  the  com- 
plement of  the  latitude  P  Z,  and  the  angle 
d  P  Z^  which  meafures  the  horary  diftance  ofd 
from  the  meridian;  we  (hall  (by  Cafe  4,  of 
Keill's  Oblique  fpheric  Trigonometry)  find  the 
bafe  Z  dj  which  is  the  fun's  diftance  from  thb 
zenith,  or  the  complement  of  his  altitude. 

And  (2.)  As  fine  Z^;  CinePd::  fine  JPZ; 
dZ  P,  or  of  its  fupplemcnt  D  ZS^  the  azimathal 
diftance  from  the  fouth. 

Or,  the  pradticai  rule  may  be  as  follows. 

Write  /I  for  the  fine  of  the  fun's  altitude,  L 
and  /  for  the  fine  and  co-fine  of  the  latitude,  D 
and  d  for  the  fine  and  co-fine  of  the  fun's  de- 
clination, and  H  for  the  fine  of  the  horary  dif- 
tance from  VI. 

Then  the  relation  oi  Hto  A  will  have  three 
varieties..    ' 

''  ■  I.  When 
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l.  When  tte  decHmtion  i»  tbwanJ  Aecle* 
^aced  pole,  and  thie  hcmr  of  tlie  day  is  between 
KII  artd  VI J   it  is  i4^tD  4-  H/^,   and 


*i  When  tbfe  h6tfr  is  after  \^,  it  is  A—L  JQ 
^£r/i^.  and  hJ^' 

y.  When  the  declination  is  toward  thfc  der 
pFeffed  pole,  we  have  yfn:  Hid — ZD,  and 

Which  theOftttis  will  be  found  ufeful,  and 
cxpeditidus  tnough  for  folving  thofc  problems 
in  geogfaphy  and  dialing,  which  depend  on  the 
relation  of  the  fun's  altitude  to  the  hour  of  the 
day. 

P  X  A  M  P  L  £.    I. 

Suppofe  the  latitude  of  the  place  to  be  51^ 
degrees  north ;  the  time  five  hours  diltant  from 
XII,  that  is,  an  hour  after  VI  in  t)ie  morning, 
or  before  VI  in  the  evening ;  artd  tfce  fun's  de- 
clination 20**  north.  Required  the  fun^s  altitude? 

Then,  to  log.  £  =  log.  fin.  51^  30'  1.89J54* 
tidd  log.  Dtts  log.  fin.  iLC^   6'  1.55405 

Their  fum    -------     1.42759 

gives  L  D  =logar!fhm*of  0.267^64,   in  the 
natural  fines. 

^  Here  we  confider  the  radios  as  unity,  and  not  10,00000, 
by  which,  inllead  of  the  index  9  we  have — i,  as  aboVe: 
which  is  of  no  farther  nfe,  than  making  the  work  a  little 
^aficr. 

And, 


$64,  O/DiaSng; 

And,  to  log.  H=  log.  fiiu  f  'S**  o'     i.4t3«l 

t     iog,  d:^  log.  fin.   U  70^  o'     1-97^' 

Their  fum  ----*--  1,18015 
gives  Hid  —  logarithm  of  o,  15 £408,  in  the 
natural  Ones. 

And  thcfe  two  numbers  of  (0,267664  and 
0.1 5 1408)  make  0,4(9073  :=  Ai  which,  in 
the  table,  is  the  neareft  natural  fine  of  z^^  4/, 
the  fun's  akitude  fought. 

The  fame  hour-dillance  being  aflbcned  on  the 
other  fide  of  VI,  then  L  D — Hid  is  0.116256, 
the  fine  of  6®  40't;  which  is  the  fun's  altitude 
at  V  in  the  morning,  or  VII  in  the  evening, 
when  his  north  declination  is  20^. 

But  when  the  declination  is  20^  fouth  (or  to- 
wards the  depreflfed  pole)  the  difference  Hld-^ 
L  D  becomes  negative,  and  thereby  Ihew  that, 
an  hour  before  VI  in  the  morning,  or  paft  VI  in 
the  evening,  the  fun's  center  is  6^  40  \  below 
the  horizon. 


EXAMPLE.    II. 

In  the  fame  latitude  and  north  declination, 
from  the  given  altitude  to  find  the  hour. 
Let  the  altitude  be  48^ ;  and  becaufe,  in  this 

cafe  Hzii^^^^*    ^^  ^  ^^^^  natural  fine  of 
/  d 

48^)— .743i45>  and  XD  =  . 267664,  A-^LB 

t  The  diflance  of  one  hour  from  VI. 
%  The  co-latitude  of  the  place. 
I  The  codecliaation  of  the  fun. 
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ivill  be  0.47548 1 »  wbofe  logarithmic 

fine  is    .-'---.-     1.6771331 

from  which  taking  the  logarithmic 

fincof/  +  ^=    -    -    •    -     ^7671354 

Remains    -------     1.9099977 

the  logarithmic  fine  of  the  bour-diftance  fought, 

viz.  of  54*^  22^5  which,   reduced  to  time,  is 

'  g  hours  374-  min.  that  is,  IX  h.  37-^  min.  in 

.the  forenoon,  or  II  h.  22i  min.  in  the  after* 

noon. 

Put  the  altitude  =18^,  whofe  natural  fine 
is  .3090170;  and  thence  J — LD  will  be 
=  •0491953;  which  divided  by  I  +  d,  gives 
.071*7179,  the  fine  of  4*^  6'i,  in  time  i6t  mi- 
nutes nearly^  before  VI  in  the  morning,  or 
after  VI  in  the  evening,  when  the  fun^  altitude 
is  i8^ 

And,  if  the  declination  20"*  had  been  towards 
the  fouth  pole,  the  fun  would  have  been  de- 
preifed  18^  below  the  horizon  at  167  minutes 
after  VI  in  the  evening ;  at  which  time,  the 
twilight  would  end ;  which  happens  about  the 
a2d  of  November,  and  19th  of  January,  in  the 
latitude  of  51^^-  north.  The  fame  way  may  the 
end  of  twilight,  or  beginning  of  dawn,  be  found 
for  any  time  of  the  year. 

NOTE  I.  If  in  theorem  2  and  3  (page  363) 
A  is  put  =  o,  and  the  value  of  H  is  computed, 
we  have  the  hour  of  fun-rifing  and  fetting  for 
any  latitude,  and  time  of  the  year.  And  if  we 
put  H  =  o,  and  compute  y^,  we  have  the  fun's 
altitude  or  depreflion  at  the  hour  of  VI.  And 
laftly,  if  //,  Jy  and  D  are  given,  the  latitude 
may  be  found  by  the  refolution  of  a  quadratic 
equation;  for  /  — ^Z  i  —  L\ 

NOTE 
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NOTE  i.  When  A  is  equal  o,  H  is  equal 

^  n  7*  L  X  r  D,  the  tangent  of  the  latitude 

fliulciplied  by  the  tangent  of  the  decti nation. 

As,    if  it  was  required,  wbai  is  the  greatijl 
Ungtb  tff  day  in  latitude  51^30'? 
To  the  log.  tangent  of  51*    30'  0,0593948 
Add  the  logt  tangent  of  aj^    29"  1-6379563 

Their  fum   -     •^     -    -    •    -     1.737351115 

the  log,  fine  of  the  hour-diftance  33^  7'i  in 

time  2  h.  i2|  m.     The  longeft  day  therefore 

IS  12  h.  +  4  h.  25  m*  =:  16  h.  25  m.     And 

*     the  (horteft  day  is  12  h.  —  4  h.  25  m.  =  7  h. 

35  I"- 

And  if  the  longeft  day  is  given,  the  latitude 

of  the  place  is  found  ; -^  being  equal    to  T  L. 

Thus,  if  the  longeft  day  is  1 3f  hours  zi  2  x  6 
h.  +  43  m.  and  45  minutes  in  time  being  equal 
to  117  degrees. 

From  the  log.  fine  of  11^  15'  1.2902357 
Take  the  log.  tang,  of  23®  29'  1.6379562 

Remains     --..--      '  •6522795 

zz  the  logarithmic  tangent  of  lat.  24^  11'. 

And  the  fame  way,  the  latitudes,  where  the 
feveral  geographical  climates  and  parallels  begin, 
may  be  found;  and  the  latitudes  of  places,  tba: 
are  afligned  in  authors  from  the  length  oif  their 
days,  may  be  examined  and  coTcclcd. 

NOTE  3.  The  fame  rule  for  finding  the 
longeft  day  in  a  given  latitude,  diftinguilhcs  the 
hour-lines  that  are  necefiary  to  be  drawn  on  any 
dial  from  thofe  which  would  be  fupcrfiuous. 

In  lat.  52"  10'  the  longeft  day  is  16  h,  32  m. 

and  the  hour-lines  arc  to  be  marked  from  44  m. 

7  after 
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after  III  lii  the  morning,  to  16  m.  after  Vltl  la 
this  evening* 

In  the  ^me  latitude,  let  the  dial  of  Art.  y.  ' 
Fig.  4*  be  propofedi  and  the  elevation  of  ita 
ftile  (or  the  latitude  of  the  place  d^  whofe  hori* 
zon  is  parallel  to  the  plane  of  the  dial)  being 
1 5^  9'  *,  the  longed  day  at  d^  that  is,  the  longeft 
time  that  the  fun  can  illuminate  the  plane  of  the 
dial, .  will  (by  the  rule  /^  =  ST  L  x  7*  D;  be 
twice  6  hours  27  minutes  =  12  h.  54  m.  The 
difierence  of  longitude  of  the  planes  d  and  Z 
vvas  found  in  the  fame  example  to  be  36^  a' ; 
in  time,  2  hours  24  minutes  ^  and  the  declini^ 
tion  of  the  plane  was  from  the  fouth  towards  thf 
weft.  Adding  therefore  2  h.  24  min.  to  5  11 
33  m.  the  earlieft  fun-rifing  on  a  horizontal  dial 
at  d,  the  fum  7  h.  57  m.  (hews  that  the  morn- 
ing hours,  or  the  parallel  dial  at  Z,  ought  to 
begin  at  3  men.  before  VIII.  And  to  the  lateft 
fun-fetting  at  ^,  which  is  6  h.  27  m.  adding  the  - 
fame  two  h.  24  m.  the  fum  8  h.  51  m.  exceeding 
6  h.  16  m.  the  lateft  fun-letting  at  Z,  by  35  m* 
(hews  that  none  of  the  afternoon  hour-lines  are 
fuperfluous.  And  the  4  h.  13  m.  from  III  h« 
44  m.  the  fun  rifing  at  Z  to  VII  h.  57  m.  the 
fun-rifing  at  d^  belong  to  the  other  face  of  the 
dial ;  that  is,  to  a  dial  declining  ^6^  from  north 
to  eaft,  and  inclining  15^, 

EXAMPLE    III. 

From  the  fame  dsia  to  find  the  fun's  aximulk 

If  Hy  L,  and  D  are  given,  then  (by  Art,  a/ 
of  Rule  IL)  from  H  having  found  the  altkode 
and  its  complement  Zdi  and  the  arc  P  D  (the 

diftance 
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diftance  from  the  pole)  being  given  ;  f^y^  M 
the  co-0ne  of  the  altitude  is  to  the  fine  of  the 
diftance  from  the  pole ^  fo  is  the  fine  of  the  houi^ 
diftance  from  the  nrcrrdian  to  the .  fine  of  the 
azimuth  diftance  from  the  meridian. 

Let  the  latitude  be  51*  30'  north,  the  decli- 
nation 15^  9  fouth,  and  the  time'  11  h.  24  m* 
in  the  afternoon,  when  the  fun  begins  to  illumi- 
nate a  vertical  walU  and  it  is  required  to  find 
the  poiiiion  of  the  wall. 

Then,  by  the  foregoing  theorems,  the  com- 
plement of  the  altitude  will  be  81^  32'4,  and 
P'd  the  diftance  from  the  pole  being  109®  5^, 
and  the  horary  diftance  from  the  meridian,  or 
the  angle  ^PZ,  36^ 

To  log.  fin.  74**  51'    -    -     1.98464 

Add  log.  fin.  3 6""  o'    -    -     1.76922 

And  from  the  fum      -    •      I-75386- 
Take  the  log.  fin.  81°  32^     1*99525 

Remains 1.758 61  zr  log. 

fin-  35%  the  azimuth  diftance  fouth. 

When  the  altitude  is  given,  find  from  thence 
the  hour,  and  proceed  as  above. 

This  praxis  is  of  fingular  ufe  on  many  oc- 
cafions;  in  finding  the  declination  of  vertical 
planes  more  exadly  than  in  the  common  way, 
cfpecially  if  the  tranfit  of  the  fun's  center  is  ob- 
fcrvcd  by  applying  a  ruler  with  fights,  either 
plain  or  telelcopical,  to  the  wall  or  plane,  whofe 
declination  is  required. — In  drawing  a  meridian- 
line,  and  finding  the  magnetic  variation. — In 
finding  the  bearings  of  places  in  terreftrial  fur- 
veys  -,  the  tranfits  of  the  fun  over  any  place,  or 
his  horizontal  diftance  from  it  being  obferved, 
together    with    the   altitude  and  hour. — And 

thence 
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thence  determining  fmall  differences  of  longi. 
tude««-In  obferving  the  variation  at  Tea,  &c. 

The  learned  Mr.  /indrew  Reid  invented  an 
inftrunient  feveral  years  ago,  for  finding  the 
latitude  it  Tea  from  two  altitudes  of  the  fun,  ob» 
ferved  on  the  &me  day,  and  the  interval  of  the 
ohfervations,  meafured  by  a  common  watch. 
And  this  inllrument,  whofe  only  fault  was  that 
of  its  being  fomewhat  etpenfive,  was  made  by 
Mr.  Jackfon.  Tables  have  been  lately  computed 
for  that  purpofe. 

But  we  may  often,  from  the  foregoing  rules, 
refolve  the  fame  problem  without  much  trouble ; 
cfpecially  if  we  fuppofe  the  matter  of  the  (hip  to 
know  within  2  or  3  degrees  what  his  latitude  is« 
Thus. . 

Affume  the  two  neareft  probable  limits  of  the 

latitude,  and  by  the  theorem  //=-  .  >  com- 
pute the  hours  of  obfervation  for  both  fuppo- 
fitions.  If  one  interval  of  thofe  computed 
hours  coincides  with  the  interval  obferved,  the 
queftion  is  folved.  If  not,  the  two  diftances  of 
the  intervals  computed,  from  the  true  interval, 
will  give  a  proportional  part  to  be  added  to,  or 
fubfirafled  from,  one  of  the  latitudes  aflumed. 
And  if  more  exactnefs  is  required,  the  operation 
may  be  repeated  with  the  latitude  already 
found. 

But  whichever  way  the  queftion  is  folved,  a 
proper  allowance  is  to  be  made  for  the  differenqo 
of  latitude  arifing  from  the  (hip's  courfe  in  cbo 
time  between  the  two  obfervations. 
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and  Italian  Mdsm  ' 

To  fAitgmmmk  projeftion,  there  is  fomctimei 
idded  a  ftenogropbu  projc&ioa  of  the  hoor' 
circles^  and  the  parallels  of  the  fun's  declinatiofli 
on  the  fame  horizon cal  plane  \  the  upright  fide 
of  the  gnomon  being  Hoped  inco  an  edge,  ftand' 
ing  perpendicularly  over  the  center  or  the  pm- 
jeftion :  fg  that  the  dial,  being  in  its  due  pofirion, 
cbe  (hadow  of  that  perpendicular  edge  is  a  verti- 
cal circle  palTmg  through  the  fun,  in  the  fterco- 
graphic  projedion.  ' 

The  months  being  duly  marked  on  the  dial, 
the  fun's  declination,  and  the  length  of  the  day  at 
any  time,  are  had  by  infpeftion  (as  alio  his  alti- 
tude, by  means  of  a  fcale  of  tangents).  But  its 
chief  property  is,  that  it  may  be  placed  true, 
whenever  the  fun  fliines,  without  the  helpof  any 
other  inftrument. 
Fig.  3.  Let  d  be  the  fun's  place  in  the  ftereographic 
projedion,  xdyz  the  parallel  of  the  fun's  decli- 
nation, Z  d  z  vertical  circle  through  the  fun's 
center,  P  d  the  hour-circle ;  and  it  is  evident, 
that  the  diameter  NS  of  this  projedion  being 
placed  duly  north  and  fouth,  thefe  three  circles 
will  pafs  through  the  point  d.  And  therefore, 
to  give  the  dial  its  due  pofition,  we  have  only 
to  turn  its  gnomon  toward  the  fun,  on  a  hori- 
zontal plane,  until  the  hour  on  the  common 
gnomonic  projedion  coincides  with  that  marked 
by  the  hour-circle  P  d,  which  pafles  through  the 
interfeft'ron  of  the  fhadow  Z  d  with  the  circle  of 
the  fun*s  prcfent  declination. 

The  Babylonian  and  Italian  dials  reckon  the 
hours,  not  from  the  meridian,  as  with  us,  but 

from 
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from  the  fun's  rifing  and  fettingi     Thus,   in  Plate 
j^fafyj  an  hour  before  fun-fct  is  reckoned  the  23d  X^'^^* 
'Tiour;  two  hours  before  fun-fct,  the  2  2d  hour; 
and  fo  of  the  Veft.    And  the  (hadow  that  marks 
them  on  the  hour-lines,  is  ibal  of  the  point  of  a 
,  .ftile.     This  occafions  a  perpetual  variation  be- 
tween their  dials  and  clocks,  which  they  mu(t 
*corrc6t  from  time  to  time,  before  it  arifes  to  any 
^lenGble  quantity,  by  fetting  their  clocks  fo  much 
"  Sdder  or  Qower.     And  in  Ilafy^  they  begin  their 
^  day,  and  regulate  their  clocks,  not  from  fun-fet, 
^  ^ut  from  about  mid-twilight,  when  the  Ave  Maria 
is  faid;  which  corre£is  the  difference  that  would 
otherwife  be  between  the  clock  and  the  dial. 

The  improvements  which  have  been  made  in 
all  forts  of  inftruments  and  machines  for  meafur^ 
ing  time,  have  rendered  fuch  dials  of  little 
account.  Yet,  as  the  theory  of  them  is  inge- 
nious, and  they  are  really,  in  fome  refpeds,  the 
beft  contrived  of  any  for  vulgar  ufe,  a  general  idea 
of  their  defcription  may  not  be  unacceptable. 

Let  Fig.  5.  reprefent  an  ercdt  dired  fou:h 
wall,  on  which  a  Babylonian  dial  is  to  be  drawn, 
fliewing  the  hours  from  fun- riling;  the  latitude 
.  of  the  place,  whofe  horizon  is  parallel  to  the 
wall,  being  equal  to  the  angle  KC  R.  Make, 
as  for  a  common  dial  K  G:=zK  R  (which  is  per* 
pcndicular  to  CR)  the  radius  of  the  equinoctial 
JE  ^  and  draw  R  S  perpendicular  to  C  K  for 
the  ftile  of  the  dial;  the  (hadow  of  whofe  point 
R  is  to  mark  the  hours,  when  SRis  fet  upright 
on  the  plane  of  the  dial. 

Then  it  is  evident,  that  in  the  contingent  line 
M  Sip  the  fpaces  JC  i,  K^^  X  3,  &c.  being 
taken  equal  to  the  tangents  of  the  hourdidances 
from  the  meridian,  to  the  radius  KG^  one,  two, 
three,  &c.  hours  after  fun  rifing,  on  the  equi- 
no&ial  day ;  the  (hadow  of  the  point  R  will  be 
B  b  found. 
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found,  at  thefe  times,  rcfpc^lively  in  the  pain  I  ^ 
1,  2,  3,  &c. 

Draw,  for  the  like  hours  after  fiui-rifing,  win 
the  fun  is  in  the  tropic  of  Capricorn  Vf  Vy  \k 
\\kc  common  lines  CD,  C  £»  C  Fj  &c.  and  « 
thcfc  hours  the  (hadow  of  the  point  R  will  be 
found  in  thofc  lines  rcfpeftivcly.  Find  the  fua'i 
altitudes  above  the  plane  of  the  dial  at  tbde 
hours,  and  with  their  co- tangents  S  d^  Se,  5/, 
Src.  to  radius  S  R^  defcribe  arcs  intcrfcdingihc 
hour  lines  in  the  points  d^  Cy  /,  &c.  ib  fhallthe 
rioht  lines  idy  ify  3/,  &c.  be  the  linesof  I,II> 
111,  &c.  hours  after  fun-rifing. 

The  coniiruftion  is  the  fame  in  every  other 
cafe,  due  regard  being  had  to  the  difiereoce  of 
longitude  of  the  place  at  which  the  dial  would 
be  horizontal,  and  the  place  for  which  it  is  to 
ferve.  And  hkewile,  taking  care  to  draw  no  lines 
but  what  are  neceffary,  which  may  be  done 
partly  by  the  rules  already  given  for  determin- 
ing the  time  that  the  fun  fliines  on  any  plane; 
and  partly  from  this,  that  on  the  tropical  days, 
the  fxyperbota  defcribcd  by  the  (hadow  of  the 
point  Ry  hmits  the  extent  of  all  the  hour-lioes. 

The  mod  ufcful  however,  as  well  as  the 
fimpleft  of  fuch  dials,  is  that  which  is  defcribcd 
on  the  two  fides  of  a  meridian  plane. 

That  the  Babylonian  and  Ualic  hours  arc  truly 
enough  marked  by  right  lines,  is  eafily  fbewD. 
Mark  the  three  points  on  a  globe,  where  the 
horizon  cuts  the  equinoctial,  and  the  two  tropics, 
toward  the  eaft  or  weft  ;  and  turn  the  globe  on 
its  axis  15^,  or  i  hour;  and  it  is  plain,-  that  the 
three  points  which  were  in  a  great  circle  (vii. 
the  horizon)  will  be  in  a  great  <  ircW  itill;  which 
will  be  projedted  geomerr'callv  Jnt'.»  a  ftraight 
line.  But  thefe  three  points  :r-  '^nivcrfaUy  the 
2^  fuo's 
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^  tun's  places^  one  hour  after  fun-fet  (or  one  hour 

before  fun^rife)  on  the  equinodial  and  folftitial  . 
^  days.  The  like  is  true  of  all  other  circles  of 
^  declination,  befides  the  tropics  ;  and  therefore, 
'  the  hours  on  fuch  dials  are  truly  marked  by 
^  ftraiffbt  lines  limited  by  the  projedions  of  the 
^'  tropics ;  and  which  are  rightly  drawn,  as  in  the 
^'  foregoing  example. 

*       Ncte  I.    The  fame  dials  may  be  delineated 

3*  without  the  hour-lines  CD,  C£,  C  F,  &c.  by 

\  fetting  oS^  the  fun's  azimuths  on  the  plane  of  the 

'    dial,  from  the  center  5,  on  either  fide  of  ihe  Tub- 

ftilc  CSKj  and  the  correiponding  co-tangents  of 

altitude  from  the  fame  center  <S,  for  I,  II,  111, 

*&c.  hout$  before  or  after  the  fun  id  in  the  horizon 

g(  the  place  for  which  the  dial  is  to  fcrve,  on  the 

equinohial  and  folftitial  days. 

2.  One  of  thefe  dials  has  its  name  from  the 
hours  being  reckoned  from  fun-rifing,  the  be« 
ginning  of  the  Babylonian  day.  But  we  are  not 
thence  to  imagine  that  the  etiual  hours,  which  it 
ihews,  were  thofc  in  which  the  aftronomcrs  of 
that  country  marked  their  obfervations.  Thefe^ 
we  know  with  certainty,  were  unequal,  like  the 
Jewijhy  as  being  twelfth  parts  of  the  natural  dsy : 
and. an  hour  ot  the  night  was,  in  like  manner,  a 
twelfth  part  of  the  night ;  longer  or  ftiorter^ 
according  to  the  feafon  of  the  year.  So  that  ah 
hour  of  the  day,  and  an  hour  of  the  nio^ht,  at  the 
fame  place^  would  always  make  A  or  24,  or  2 
equino^ial  hours.  In  Pakftine^  among  the 
Romans^  and  in  fcveral  other  countries,  3  of  thefe 
imequaf  nofturnal  hours  were  a  vigilia  or  waUb. 
And  the  recfudion  of  equal  and  unequal  houraf 
into  one  another,,  is  ti^trcmely  eafy.  If>  for  in- 
ftance,  it  is  found,  by  a  foregoing  rule,  that  in  a 
certain  latitude,  at  a  given  timi:  of  the  year,  the 
b  2  fcngth 
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length  of  a  day  is  14  equino&ial  hours,  tkl 
unequal  hour  is  then  ^4  or  -J^  of  an  hour,  tbtl 
is,  70  minutes  -,  and  the  nodurnal  hour  is  50] 
minutes.  The  firft  watch  begins  at  VII  (foo*] 
let);  the  fecund  at  three  times  50  minutes  afur, 
viz.  IX  h.  30  m.  the  third  always  at  midnight^ 
the  morning  watch  at  i  hour  pad  IL 

If  it  were  required  to  draw  a  dial  for  (hewing 
thefe  unequal  hours,  or  12th  parts  of  the  day, 
we  mufl  take  as  many  declinations  of  the  fun  as 
are  thought  nectflfary,  from  the  equator  cowards 
each  tropic  :  and  having  computed  the  fuo's 
ailtitudc  and  azimuth  for  ^,  ^  -rr^  P^^^ts,  &c 
of  each  of  the  diurnal  arcs  belonging  to  the  de- 
clinations aflfumed :  by  thefe,  the  leveral  points 
in  the  circles  of  declination,  where  the  (badow 
of  the  (lile's  point  falls,  are  determined :  and 
curve  lines  drawn  through  the  points  of  an 
homologous  divifion  will  be  the  hour-lines  re- 
quired. 

Of  the  right  placing  of  dials^  and  having  a  true 
meridian  line  for  the  regulating  of  clocks  and 
watches. 

The  plane  on  which  the  dial  is  to  reft,  being 
duly  prepared,  and  every  thing  neceflary  for 
fixing  it,  you  may  find  the  hour  tolerably  exaft 
by  a  large  equinoftial  ring-dial,  and  fet  your 
watch  to  it.  And  then  the  dial  may  be  fixed  by 
the  watch  at  your  Icifure. 

If  you  would  be  more  exafl,  take  the  fun's 
altitude  by  a  good  quadrant,  noting  the  precife 
time  of  obfcrvation  by  a  clock  or  watch.  Then, 
compute  the  time  for  the  altitude  obfcrvcd,  (by 
the  rule,  page  364)  and  fee  the  watch  to  agree 
with  that  time,  according  to  the  fun.    A  Hadlef% 

quadrant 
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quadrant  is  very  convenient  for  this  purpofc ; 
for,  by  it  you  may  take  the  angle  between  the 
fun  and  his  image,  refle6bed  from  a  bafon  of 
water:  the  half  of  which  angle,  fubtrafting  the 
refraaion,  is  the  altitude  required.  This  is 
beft  done  in  fummer,  and  the  nearer  the  fun  is 
to  the. prime  vertical  (the  eaft  or  weft  azimuth) 
when  the  obfervation  is  made,  fo  much  the 
better. 

Or,  in  fummer,  take  two  equal  altitudes  of  the 
fun  in  the  fame  day ;  one  any  time  between  7  and 
10  o'clock  in  the  morning,  the  other  between  2 
and  5  in  the  afternoon ;  noting  the  moments  of 
thefe  two  obfervations  by  a  clock  or  watch :  and 
if  the  watch  (hews  the  obfervations  to  be  at 
equal  diftances  from  noon,  it  agrees  exadly 
with  the  fun ;  if  nor,  the  watch  muft  be  cor- 
refted  by  half  the  difference  of  the  forenoon  and 
afternoon  intervals  *,  and  then  the  dial  may  be 
fet  true  by  the  watch. 

Thus,  for  example,  fuppofe  you  have  taken 
the  fun's  altitude  when  it  was  20  minutes  paft 
VIII  in  the  morning  by  the  watch  -,  and  found, 
by  obierving  in  the  afternoon,  that  the  fun  had 
the  fame  altitude  10  minutes  before  IIII ;  then 
it  is  plain,  that  the  watch  was  5  minutes  too 
faft  for  the  fun :  for  5  minutes  after  XII  is  the 
middle  time  between  VIII  h.  20  m.  in  the 
morning,  and  III  h.  50  m.  in  the  afternoon;  and 
therefore,  to  make  the  watch  agree  with  the  fun, 
it  muft  be  fet  back  five  minutes. 

A  good  meridian  line^  for  regulating  clocks  A  mtrU 
or  watches,    may    be   had   by    the    following  ^'*'  ^"'' 
method. 

Make  a  round  hole,  alnK)ft  a  quarter  of  an 

inch  diameter,  in  a  thin  plate  of  metal ;  and  fix 

the  plate  in  the  top  of  a  (outh  window,  in  fuch  a 

B  b  3  manner^ 


manner,  that  it  may  recline  from  the  zeoiiliA  tc 
an  angle  equal  to  the  co-latitude  of  yourpbce,n  ^ 
nearly  as  you  can  guefs  \  for  theOt  the  plate  «ll  tc 
face  the  lun  diredly  at  noon  on  the  equinofliil 
^ays.  J^et  the  fun  (hine  freely  through  the  Ukl 
into  the  room  \  and  hang  a  plucnb-Iioe  to  tk| 
ceiling  of  the  room  •,  at  leaft  five  or  fix  feet  froil 
the  window,  in  fuch  a  place  as  that  thefunfil 
rays,  tranfmitted  through  the  hole,  may  ftll 
upon  the  line  when  it  is  aooa  by  the  dock;  I 
and  having  marked  the  faid  place  on  the  cei^ 
take  away  the  line.  ' 

Having  adjufted  a  Aiding  bar  tQ  a  dove-tail 
groove,  in  a  piece  of  wood  about  1 8  inches  bog, 
and  fixed  a  hook  into  the  middle  of  the  bar,  nui 
the  wood  to  the  above- mentioned  place  pn  the 
cieling,  parallel  to  the  fide  of  the  roomin  wbid 
the  window  is :  the  groove  and  bap  being  to- 
wards the  floor.  Then,  hang  the  plumb-line 
upon  the  hook  in  the  bar,  the  weight  or  plum- 
.met  reaching  almcft  to  the  fiaor ;  and  the  whole 
will  be  prepared  for  farther  and  proper  adjuft- 
ment. 

This  done,  find  the  true  folar  time  by  either 
pf  the  two  laft  methods,  and  thereby  regulate 
your  clock.  Then,  at  the  moment  of  next  noon 
by  the  clock,  when  the  fun  (hines,  move  the 
(lidine  bar  in  the  groove  until  the  (hadow  of  the 
plumb-line  bifefts  the  image  of  the  fun  (made 
by  his  rays  tranfmitted  through  the  hole}  on  the 
floor,  wall,  or  on  a  white  fcrcen  placed  on  the 
north  fide  of  the  line  ;  the  plummet  or  weight 
at  the  end  of  the  line  hanging  freely  in  a  pail  of 
water  placed  below  it  on  the  floor. — But  becaufe 
this  may  not  be  quite  corredt  for  the  firft  time, 
Qn  account  that  the  plummet  will  not  fettle  im- 
rncdiately,  even  in  waterj  ic  may  be  farther  cor- 

refted 
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rcfted  on  the  following  days,  by  the  above 
method,  with  the  fun  and  clock ;  and  fo  brought 
to  a  very  great  exaftnefs. 

N.B.  The  rays  tranfmittcd  through  the  hole, 
will  caft  but  a  faint  image  of  the  fun,  even  on  a 
white  fcrecn,  unlefs  the  room  be  fo  darkened 
that  no  fun-fliine  may  be  allowed  to  enter,  but 
what  comes  through  the  fmall  hole  in  the  plate. 
And  always,  for  fome  time  before  the  obierva- 
tion  is  made,  the  plummet  ought'to  be  immerfed 
in  a  jar  of  water,  where  it  may  hang  freely ;  by 
which  meaner  the  line  will  foon  become  fteady, 
which  otherwife  would  be  apt  to  continue 
fwinging« 

As  this  meridian  line  will  not  only  be  fuffi- 
cient  for  regulating  o\  clocks  and  watches  to  the 
true  time  jby  equation  tables,  but  alfo  for  moll 
aftronomical  purpofes,  I  fliall  fay  nothing  ofthe 
magnificent  and  expenfive  meridian  lines  ac 
Bologna  and  Rome^  nor  of  the  better  methods  by 
which  aftronomefs  obferve  precifely  the  tranfits 
of  the  heavenly  bodies  on  the  meridian. 


L  E  C  T.    XII. 

Shewing  bow  to  calculate  the  mean  time  of  any  New 
or  Full  Moon  J  or  Eclipfe^from  the  creation  of  the 
world  to  the  year  of  CHRIST  5800. 

IN  the  following  tables,  the  mean  lunation  is 
about  a  20th  part  of  a  fecond  of  time  longer 
than  its  meafure  as  now  printed  in  the  third 
edition  of  my  Aftronomy  \  which  makes  a  dif- 
ference of  an  hour  and  30  minutes  in  8000 
years. — But  this  is  not  material,  when  only  the 
mean  times  are  required. 

B  b  4  P  R  £- 
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PRECEPTS. 

^ofind  ihi  mean  time  of  any  New  or  Ful  M&imk 
any  given  year  and  mmtb  afisr  ibi  Cbrtfim 
Mr  a. 

1.  If  the  given  year  be  found  in  the  third 
column  of  ihc  Tahh  af  the  mcsn^s  mean  maiianfrm 
the  fun^  unJcr  the  tide  Tears  kef  ore  emJ  afitr 
CHRIST;  writtf  out  that  year,  with  the  mcin 
motions  belonging  to  it,  and  thereto  join  tlK 
given  month  with  its  mean  motionSp  But,  if 
the  given  year  be  not  in  the  tabic,  take  out  the 
next  Icflcr  one  to  it  that  you  find,  in  the  fame 
column  ;  and  thereto  add  as  many  compleat years^ 
as  will  tr^ake  up  the  given  year :  then,  join  the 
given  month,  and  all  the  rcfpcftivc  mean  mo- 
tions. 

2.  Colleft  thefe  mean  motions  into  one  fum  of 
figns,  degrees,  minutes,  and  feconds ;  remem- 
bering, that  60  feconds  (')  make  a  minute,  60 
nnnutcs  (')  a  degree,  30  degrees  (^)  a  figo,  and 
J  2  figns  (•)  a  circle.  When  the  figns  exceed 
12,  or  24,  or  36  (which  are  whole  circles)  rejed 
them,  and  fct  down  only  the  remainder ;  which, 
together  with  the  odd  degrees,  minutes,  and 
feconds  already  fet  down,  muft  be  reckoned  the 
whole  fum  of  the  coUcftion, 

3.  Subtraft  the  refult,  or  film  of  this  collec- 
tion, rom  1 2  figns ;  and  write  down  the  remain- 
der. Then,  look  in  the  table,  under  Doyj,  for 
the  next  lefs  mean  motions  to  this  remainder, 

and 
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and  fubcra&  them  from  it,  writing  down  their 
remainder. 

Tliis  donr,  look  in  the  table  under  hours 
(marked rH.)  for  the  next  lefs  mean  motions  to 
this.  laKTemainder,  and  fubtradt  them  from  it, 
wrinhg  down  their  remainder. 

Then,  look  in  the  table  under  mnutes 
(marked  M.)  for  the  next  lefs  mean  motions  to 
this  remainder,  and  fubtrad  them  from  it,  writ- 
ing down  thefr  remainder. 

Laftlyr,  look  in  the  table  under  feconds  (mark* 
ed  S.)  for  the  next  lefs  mean  motions  to  this 
remainder,  either  greater  or  lefs;  and  againft  it 
you  have  the  feconds  anfwering  thereto. 

4.  And  tbefe  times  coUeAed,  will  give  the 
mean  time  of  the  required  new  moony  which  will 
be  right  in  common  years,  and  alfo  in  January 
and  February  in  leap-years ;  but  always  one  day 
too  late  in  l^ap-years  after  February. 


EXAMPLE 


jSo  Tkg  Cakukim  (f  mm  New  and  FhM  AUm, 

EXAMPLE     I- 

Requini  ibc  time  of  new  moan  in  Sepiember^  17^4! 
(a  year  not  infer  ted  id  the  tabic) 

Moon  from  fun. 
To  the  year  after  Ci^i/'s  *        p     .    ^^ 

birth         —         —     1753       >^     9  ^4  5^ 
Add  compleat  years  11         a  10  14  20 

(fum  1764) 
And  join  September      -       ^         2  22  ir    ! 

The  fum  of  thefc  mean  motions  is    112     o  24 
v^hich»  being  fub^  from  a  circle, 

or  t2  .0    o    0 

Leaves  remaining        -        -       'O   ^7  59  3^ 
Next  lefs  mean  mot.  for  26  days,    • 

fub.        -      -       .       -    10   16  57  34 

And  there  remains      -     -     .  122 

Next  Icfs  mean  mor.  for  2  hours,' 

fub.        -        ...  I     o  57 

And  the  remainder  will  be  -    -  15 

Next  lefs  mean  mot.  for  2  min. 

fub.         ....  II 


Remains  the  mean  mot.  of  12  fee. 


Thefe  times,  being  coUefted,  would  (hew 
the  mean  time  of  the  required  new  moon  in 
September  1764,  to  be  on  the  26th  day,  at  2 
hours  2  min.  1 2  fee.  pad  noon.  But,  as  it  is  in 
a  leap-year,  and  after  February,  the  time  is  one 
day  too  late.  So,  the  true  mean  time  is  Sep- 
tember the  25th,  at  2  m.  12  fee.  paft  II  in  the 
afternoon. 

N.B. 
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JV.  B.  The  tables  always  begin  the  day  at 
noon,  and  reckon  thenceforward,  to  the  noon 
of  the  day  following. 

To  find  the  mean  time  of  full  moon  in  any  given  year 
and  month  after  the  Chrifiian  JSra. 

Having  colleftcd  the  moon's  mean  motion 
from  the  fun  for  the  beginning  of  the  given 
year  and  month,  and  fubtradted  their  fum  from 
12  figns  («9  in  the  former  example)  add  6  figns 
to  the  remainder,  and  then  proceed  in  all  re* 
fpefts  as  above. 

EXAMPLE    II. 

Required  tie  mean  time^  of  full  moon  in  September 
1764? 

Moon  from  fun. 
To  the  year  after  Cbrifi^$  '      o    /     '^ 

binh  —  —  1753  10  9  24  56 
Add  compleat  years      -      u        o  10  14  20 

(fum  1764) 

And  join  September      «      •  22221     8 

■  ■ f 

The  fum  of  thefe  mean  motions 

is         -        -        -        -  I  12     o  24    ^ 
Which,  being  fuht.  from  a  cir- 
cle, or         -        -        -12000 


Leaves  remaining      -      -     -       10  17  59  36 
To  which  remainder  add       -        6000 


Aod  the  fum  will  be      -       -        4  17  59  36 

Brought 
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Moon  from  funl 


o 


4 

1+ 

5  5+ 

3 

53  4» 

3 

33  a* 

30  IS 

20   19 

3 

Brought  over       —        —        4  17  59  35I 
Next  kfs  mean  mot.  for  1 1 
days,  fubt. 

And  there  remains 
Next  kfs  mean  mot.  for  7 
hours,  fubt. 

And  the  remainder  will  be 
Next  kfs  mean  mot.  for  40 
min.  fubc         -        -        . 

Remains  the  mean  mot,  for  8 
fee*      .         »        ^        - 

So,  the  mean  time,  according  to  the  tables, 
is  the  I  ith  of  September,  at  7  hours  40  minutes 
8  feconds  paft  noon.  One  day  too  late,  being 
after  February  in  a  leap-year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found,  in  any  year  after  the  Chrif- 
tian  ^ra. 

To  find  the  mean  time  of  new  or  full  moon  in  anj 
given  year  and  month  before  the  Cbrijiian  JEra. 

If  the  given  year  before  the  year  of  CHRIST 
I  be  found  in  the  third  column  of  the  table, 
under  the  title  Tears  before  and  after  CHRIST, 
write  it  out,  together  with  the  given  month, 
and  join  the  mean  motions.  But,  if  the  given 
year  be  not  in  the  tabk,  take  out  the  next 
greater  one  to  it  that  you  find ;  which  being 
ftill  fanher  back  than  the  given  year,  add  as 
many  compleat  years  to  it  as  will  bring  the 
time  forward  to  the  given  year ;  then  join  the 
month,  and  proceed  in  all  refpefts  as  above. 

EXAM. 
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EXAMPLE    III. 

Required  the  mean  time  of  new  moon  in  ALxy^  the 
year  before  CiriJ  585  ? 

The  next  greater  year  in  the  table  is  5oo  i 
which  being  15  years  before  the  given  year, 
add  the  mean  motions  for  15  ye^rs  to  thofe  of 

*    600,  together  with  thofe  for  the  beginning  of 

:    May. 


•To  the  year  before  Ci&rj^  600  - 
Add  compleat  years  motion  15 
And  the  mean  motions  for  May 

The  whole  fum  is 
Whichj  being  fubt.  from  a  cir 
cle,  or        •        -        - 

Leaves  remaining 
Next  lels  mean  mot.  for  29 
days»  fubt. 

And  there  remains 
Next  lefs  mean  mot.  for  3  hours 
fubt. 

And  the  remainder  will  be    - 
Next  lefs  mean  mot.  for  3  min. 
fubt. 

Rem.  the  mean  mot.  of  14  fe« 
conds 


Moon  from  fun*^ 

• 

0 

/ 

/# 

5 

II 

6 

16 

6 

0 

55 

a* 

0 

22 

53 

23 

0 
12 

A  55    3 
000 

II 
II 

25    4  57 
n  3»  54 

'  33    3 

1 

I  31  i6 

'  37 
1  3« 

t 

6 

So» 
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So,  the  mean  time  by  the  tables,  was  \^\ 
29th  of  May,  at  3  hours  3  min.  14  fee.  poiV 
noon.  A  day  later  than  the  truth,  on  account 
of  its  being  in  a  leap-year.  For  as  the  year  ot 
CHRIST  I  was  the  firfl:  after  a  leap-year, 
the  year  585  before  the  year  i  was  a  leap-year 
of  courfe. 

If  the  given  year  be  after  the  Chriftian  -ffira^ 
divide  its  date  by  4,  and  if  nothing  remains,  it 
is  a  ie^p-year  in  the  old  ftile.  But  if  the  given 
year  was  before  the  Chriftian  -flEra  (or  Year  of 
CHRIST  1)  fubtraft  one  from  its  date,  and 
divide  the  remainder  by  4;  then,  if  nothing 
remains,  it  was  a  leap-year  *,  otherwife  not. 

^0  find  whether  the  fun  is  ecUpfed  at  the  ti$m  of  anj 
given  change^  or  the  moon  at  any  given  full. 

OMipfis.  ^^^^  the  Table  of  the  fun^s  mean  motion  (or 
dtftance)  from  the  moon*s  afcending  node^  collcft 
the  mean  motions  anfwering  to  the  given  time ; 
and  if  the  refult  (hews  the  fun  to  be  within  18 
degrees  of  either  of  the  nodes  at'  the  time  of 
new  moon,  the  fun  will  be  eclipfed  at  that  time. 
Or,  if  the  refult  (hews  the  fun  to  be  within  12 
degrees  of  either  of  the  nodes  at  the  time  of  full 
moon,  the  moon  will  be  eclipfed  at  that  time,  in 
or  near  the  contrary  node  i  otherwife  opt. 


EXAM> 
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EXAMPLE    IV. 

Srht  m$Bn  changed  on  the  iStb  cf  Septmber  fjS^^ 
ai2  b.  2  m.  (negleSing  tbi  feconds)  after  noon 
(Sec  Example  1.)  ^.  fFbetber  the  fun  was 
ecUpfedat  Phot  time  ? 

Sun  from  node. 
To  the  year  after  Ci&r(/?'j  .     o     .    - 

birth        —       —       1753         X  28     o  19 
Add  compleat  year9    -       ii         7     2     3  56 

(fttm  1764) 

S September        -        -  8  12  22. 49 

26  days        -        .        •         a;    o  J3 
2  hours        ...  512 

2  minutes      ...  5 

— ^1^.— — ^  ■■■  • 
Sun's  'dtftance  from  the  afcend- 

ing  node        •        •        •       ^    9  32  34 


Now,  as  the  defcending  node  is  juft  oppofite 
to  the  afccnding,  (viz.  6  fignsdiftant  from  it)  and 
the  tables  fliew  only  how  far  the  fun  has  gooe 
from  the  afcending  node,  which,  by  this:  exam* 
ple>  appears  to  be  6  figns  9  degrees  32  minutes 
34  feconds^  k  ia  plain  that  he  muft  have  theo 
been  eclipfed;  as  he  was  then  only  9^  32'  34"" 
fhort  of  the  defcending  node. 


EXAM- 
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EXAMPLE    V. 

Tbi  moon  was  full  on  the  iitb  of  Septemhtr^  1^ 
1 764,  at  7  h,  40  min.  paft  noon.     (See  Exam* 
pk   II.)     ^.  Whether  foe  was   ediffed  ai 
that  time  ? 


Sun  from  node. 

To  the  year  after  CArj/^'s  .     o     .  ^^ 

birth     —    —         1753         I   28    0  19 
Add  compleat  years    -      11         7^35^ 

(Aim  1764) 
f  September 

And  ]       "hour!        -  '    - 
(,       40  minutes 

Sun's  diftance  from  the  afcend* 

ingnodc 5  ^4  12  28 


Which  being  fubtra&ed  from  6  figns,  leaves 
only  5^  47^  32^  remaining}  and  this  being  all 
the  fpace  that  the  fun  was  mort  of  the  dcfcend- 
ing  node,  it  is  plain  that  the  moon  muft  then 
have  been  eclipfed»  becaufe  (he  was  juft  a$  near 
the  contrary  node. 


EXAM- 
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E  X  A  iM  P  L  E    VL 

JS^  Whether  the  fun  was  eclipfed  in  Maj^  thejeaV 
•       UffTi  CHRIST  5Z5  ?  (Sec  Example  III.) 

^         Sun  from  node. 

to'" 

^^o  the  year  before  Cbrijt  600  •  9    9  23  51 
llidd  the  mean  rnotioh  of  15 

complete  yeari        -        -  91927  49 

SMay        .           -        .  4    4  37  57 

29  days            .        .  i    o    7  10 

3  hours            -        "^  7  48 
3  minutes  (nbgle&ihg 

t           the  feconds)        -         -  8 

g  ^n*s  diftance  from  the  afcend- 

j  ing  node  -    .        -        o     3  44  43 

Which  beih^  lefs  than  18  degrees,  (hews  that 
the  fun  wks  eclipfed  at  that  time. 

This  eclipfe  was  foretold  by  Tbdes^  and  is  n^'l 
thought  to  be  the  eclipfe  which  put  an  end  td  eclipfe. 
the  war  between  the  Medes  and  Lydians. 

The  times  of  the  fun*s  eanjnnSiM  with  Ibi  wkeii 
ncdes^  and  confequentlv  the  eclipfe  months  df  any  tiUffts  . 
given  year,  are  eafily  folihd  by  the  TaUe  of  the  ^^ 
jiats  mean  motion  from  the  mootfs  afcending  node  i^* 
and  much  in  the  fame  way  as  the  mean  con- 
junftiohs  of  the  fun  and  moon  are  found  by  the 
table  of  the  moon's  meitn  motion  from  the  fuii. 
Jb*or^  colled  the  fun*s  mean  motion  from  the 
node  (which  is  the  fame  as  his  diftanct  gotte 
from  it)  for  the  beginning  of  any  given  yeat'f 
and  fobtraftit  from  12  figns;  then,  from  the 
C  c  remainder^ 


] 


3S8  7 0  find  when  there  muft  be  Eclipfts. 

remainder,  fubtradl  the  next  lefs  mean  moiia 
belonging  to  whatever  rivnth  you  find  them  J 
the  table  ;  and  from  :hcir  remainder  fubtraft  M 
next  lefs  mean  motion  for  days^  and  fo  on  fel 
hours  and  mnuies :  the  refuU  of  all  which  i4| 
(hew  the  time  of  the  fun's  tneaq  GOOjuo£dQi| 
with  the  afcending  node  of  the  inoonV  orbit.      | 

EXAMPLE     VII. 

Required  the  time  of  thefurfs  cmjun^dn  mAik\ 
afcending  node  inr  the  year  t  ytj^f 

Sun  from  node.  | 

:         -           -               <  V       •  o 
To  the  year  after  Cbrifi^s 

birth        -        •        J 753        l  28     o  19 

Add  compleat  years      -       ii 7  2     356 

Mean  did  atbeg.^of  A.D.  1764-   '904  15 
Subtract  this  diflance  from  a     *•     * 

circle,  or        -        -        -     12     o    p    0 

And  there  remains         -         -;       2t  29*55  45 
'    Next    lefs    mean    motion   for   •• 

March,  lubtraft        -       *       21   1639 

And  the  remainder  will  be       -       o  28  39    ( 

Next  lefs  mean  motion  for  27 

*•    "  days,  fubtraft        -         -   •   o  28     2  J2 

And  there  remains        -        -  3^  34 

Next  lefs  mean  motion  for  14 

...  .    hours,  fubtra£ted      -      -  36  21 

•^ Remains  (nearly)  the  mean  mo-  ^ 
tion  of  5  minutes      -      • 
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!,  Hw-nce  it  appears,  that  the  fun  will  pafs  by 
:hc  mooo*s  afcending  node  on  the  27ih  of  March, 
lit  14  hours  5  minutes  paft  noon  *,  viz.  on  the 
iSth  day,  at  5  minutes  paft  II  in  the  morning, 
i^ccording  to  the  tables  :  but  this  being  in  a 
icap-year,  and  after  February,  the  time  is  one 
day  too  late.  Confequently,  the  true  time  is  at 
I  min.  paft  II  in  the  morning  on  the  27th  day  ; 
)X  which  time,  the  defcending  node  will  be  di- 
Cftly  oppofite  to  the  fun. 

If  6  figns  be  added  to  the  remainder  arifing 
irom  the  firft  fubtradtion,  (viz.  from  12  figns) 
md  then  the  work  carried  on  as  in  the  laft 
example,  the  refult  will  give  the  mean  time  of 
be  fun's  conjundlion  with  the  defcending  node. 
Thus,  in 


EX  AM  P  L  E    Vlir. 

To  find  when  the  fun  will  be  in  conjunilioBiwiib  the 

defcending  node  in  the  year  1764  ? 

■  ^ 

Sun  from  node. 

to/'/ 

To  the  year  after  Chrifi's 

birth        *        -  1753     I  28    o  19 

Add  compleat  years       <-         1  i     7     2     3  56 

M.  d.  fr.  afc.  n.  at  beg.  of  1764    9,0    4  15 
Subtraift  this  diftance  from  a  cir- 
cle, or        -        •        •        12    o    o    o 


And  the  remainder  will  be  -  2  29  55  45 

To  which  add  half  a  circle,  or  -  6    o    o    o 

And  the  fum  will  be        •  ^  i:  ^  ^9  SS  4^5 

C  c  2   *  ^  Brought 
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Sun  ft.  nod  t 


•     • 


1 


Brought  over  -  8  29  ffxji 

Next  lefi  mean  mot.  for  Sept^fubt^  8   12  at  ^j 

And  there  remains  -  •*  o  17  ji  ^| 

Next  lefi  mean  mot.  for  16  days^ 

fubt.       -        -        -        -  o  16  37  ♦! 

And  the  remainder  will  be         •  55  5! 

Next  leis  mean  mot.  for  2 1  hours^ 

fubtrafted        -        .        *  54  ji 


Rem.  (nearly)  the  mean  moc.  of 

31  min.         -         •         •  I  20 


So  tha^  according  to  the  tableai^^  the  fiitf  tril 
be  in  conjundtion  with  the  4tfcmdi^g  mdi  on  the 
x6ch  of  September,  at  21  hbors  31  minuDes  pit 
noon :  one  day  later  than  the  truths  oa  account 
of  the  lei|i-year. 

When  the  moon  chaiigj»^witfim  18  daya  be* 
mu!  of     ^^^  ^^  ^^^^  *^  ^"'**^  conjunaion  widi  either  rf 
uHji/is.     the  nodes,   the   (bn  will  be  ccKpfed   at  thu 
change ;  and  when  the  aHX)Q  is  full  within  la 
days  before  or  after  the  time  of  the  fiio^  cob- 
jundion  with  either  of  thi  nodes,  fhe  will  be 
eclipfed  at  that  full :  otherwife  not. 
q^]^  ^.     If  to  the  mean  time  of  any  eclipfr,  cither  of  die 
liod  and   fun  or  moon,  we  add  557  Julian  years  ai  d^ 
reftita-      18  hours  II  minutcs  and  51  feconds  (in  which 
^^°*        there  are  exaAIy  6890  mean  lunations)  we  (hall 
have  the  mean  time  of  another  ecli^fe^     For  at 
the  end  of  that  time,  the  moon  wiH  be  either 
new  or  full,  according  as  we  add  ic  to  the  dm0 
of  new  or  full  moon ;  and  the  fun  will  be  ool; 
45''  farther  from' the  fame  node^  at  the  endd 
6  the 


Tbi  Pmod  Md  Return  of  EcUpfis.  ^i 

^c  faid  time,  than  he  was  at  the  beginning  of 

It  I  as  appears  by  the  following  example*. 

The  period.        Moon  fr.  fun.      Son  fr.  node. 

i     o    '     -^       I     o     '     '^ 

Compleat  f50^-|    5  32  47-io  14  45     8 

Years     j    +^~*  ^^  50  37—  «  23  i8  49 

C    17—3     2  21  39—10  28  40  55 

days       21—8  16    o  21—      21  48  38 

hours      18 —      9     8  35—  46  44 

minutes  ii—  5  35—  29 

feconds  51—^  26 —  2 

Mean  motions   — o    o    o    o—  o    o    o  4.5 

And  this  period  is  fo  venr  near,  that  in  6000 

years  it  will  vary  no  more  from  the  truth,  as  to 

the  reftitution  of  eclipfes,  than.  87  minutes  of  a 

4egrec^  which  may  be  reckoned  next  to  nothing. 

It  is  the  Ihorteft  in  which,  after  many  trials,  I 

pan  find  fo  near  a  conjvn£tion  of  the  fun,  mooo^ 

ind  the  lame  ^odc. 

^  Dr.  HAtLBT*t  period  ofecltpfes  contains  only  18  years 
1 1  days  7  IxHirs  43  minoces  ao  feoonds ;  in  which  time,  ac- 
fording  to  his  tables,  thcreafc  joft  223  mean  lunations:  but, 
ts  In  tha;  time,  the  fun's  mean  motion  from  the  node  is  no 
sior«  than  |1»  29®  31'  49'',  which  wants  28'  1 1"  of  bein? 
fa  nearly  in  conjondioii  with  the  fame  node  at  the  end 
wf  die  period  aa  it  was  at  the  beginning ;  this  period  can- 
jBOt  be  of  oonftant  duration  for  finding  edipfes,  becaofe  it 
will  in  tinie  full  quite  without  their  llmiu.    The  following 

S)}m  make  this  period  31  feconds  (horter,  as  appears  by  the 
lowing  calculation. 

The  period«  Moon  fn.Sttn.     Sun  fr.  node, 

s    p    '     ''      s     o     '     '' 


Compleat  years 
days 
boors 
min. 
ftc 

18— y  11  59    4— u  17  46  18 
11—4  14    5  54—      11  25  29 
7—      3  33  20-.           |8  It 
42—         21  20-p             1  49 
44                   23—                   2 

MeaaMtioBi 

•— 0    0    e    0— n  29  31  49 

C  c  3  This 


.  This  table  is  made  by  the  continual  additiaa 
of  a  mean  lunacbnj  viz.  19*  i^''  44.^  3*  & 
14"  24*'  o'^* 
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In  1 00000  mean  juna 
dotis,  there  aic  8085  J"^'»° 
yeari  1 2  days  2  I  hours  |6 
minutes  30  feonds  ^=: 
2955059  days  3  hoars  3b 
minutes  t^o  feconds. 
Prfl^^  if  the  TakU, 
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H.i¥ii.g     by     tUc    luimcf 
precepts      computed      ibe 
mean  time  of  oew  moon  in 
]  Anuiryi  for  in y  giveo  ycar# 
k  is  eafyp  by  tbii  Table,  to 
ind  the  meaa  tiioe  of  new 
ivoon   in  JifiDafj  for   any 
umber  *  f  yean  afterward  * 
md  by  means  or  a  finail 
-able  f^f  lunaiiof)!  for  1 2  of 
;   3  m  /«>thf«  10  make  4  ge- 
neral table  for  finding  the 
/nt-an  time  af  new  or  full 
moon  in  any  giveq  year  and 
mofith  whatever. 


D.    H-  M.  S,  Th. 

In  ti  lunations  there  are     324  20     4  34  lo. 

Jn  ijlunaEioni 3^     8  4?  37  l6, 

in  J 4  lunations      3S1   3f   32  40  25. 

Rut  th^n  it  would  be  bcft  to  begin  the  year  with  March,  to 
'  ^^^d  the  inconvenience  of  lofmg  a  day  by  mi^ake  ill  leap 

y^ar. 
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tabic  agrees  with  the  olit  ftilt  until  the  year 

h 

175^  ;  and  after  that,  ^ith  the  nrw. 

Cc  4 


Days. 
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uary,  a*  day  and  its  motion  muft 

Se  added  to  the  time  fur  v 

'hich  the  moon's  mean  diftance 

f  om  tr.e  fan  is  given,     B 

ut,  when  the  mean  lime  cf  any 

new  or  full  moon  is  requir 

ed  in  leap-year  after  Febmaiy, 

a  day  muft  be  fabtra£led  1 

rem  the  mean  time  riiereo^  as 

foond  by  the  tablet.     In  c 

ommon  yeart  they  give  the  day 

ight. 

X^ars. 
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In  leap  years,  after  Ftbruary,  add  one  day  and  one 

day's  motion  to  the  time  at  which  the  fun's  mean  dif- 
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MECHANICS. 

Tbe  Defcriptum  of  a  new  and  fafe  Crane^  which 
'.  bos  four  iiftttnt  Powers^  adapted  to  differ ent 
:    Weiihts. 

THE  common  crane  confifts  only  of  a 
large  wheel  and  axle;  and  the  rope»  by 
which  goods  are  drawn  up  from  fhips, 
t>r  lee  down  from  the  quay  to  them»  winds  or 
boik  round  by  the  axle,  as  the  axle  is  turned  by 
Itien  walking  in  the  wheel.  But,  as  thefe 
engines  have  nothing  to  ftop  the  weight  from 
hinning  down,  if  any  of  the  men  happen  to  trip 
br  fail  in  the  wheel,  the  weight  defcends,  and 
turns  the  wheel  rapidly  backward^  and  tofles  the 
men  violently  about  within  it ;  which  has  pro- 
iluced  melancholy  inftances,  not  only  of  Jimbs 
D  d  2  broke. 
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to  think  of  a  method  of  remedying  th 
for  that  purpofc,  I  contrived  a  en 
proper  rtop  to  prevent  the  danger, 
different  powers  iuited  to  different  v 
*'^  that  there  might  be  as  little  lofs  of  ti 

fibk  :  and  alio,  that  when  heavy  go 
down  into  Ihips,  the  defccnt'may  be  j 
deliberate. 

This  crane  has  four  different  powc 
believe,  it  might  be  built  in  a  room  e 
width :  the  gib  being  on  the  outC 
room. 

Three  trundles,  with  different  o 
ftaves,  are  applied  to  the  cogs  of  a 
wheel  with  an  upright  axle ;  and  the 
draws  up  the  weight,  coil$  round  che 
V  wheel  has  96  cogs,  the  largeft  trundl 

the  next  largeff  has  1 2,  and  the  fina 
»  So  ^hat  the  Tar^ft  trundle  makes  4 

for  one  revolution  of  the  wheel;  the  i 
8,  and  the  fmalleft  makes  16.  / 
occaflonally  put-  upon  the  axisof  eitli 
trundles,  for  turning  it ;  the  trundle 
ufed  that  gives  a  power  befl  fuited  to  t 
and  the  handle  of  the  winch  defcribei 
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^length  of  the  winch  doubles  the  power  gained 
■^  bf  each  trundle. 

"^  ,  As  the  power  gained  by  any  machine^  or 
engine  whatever,  is  in  dired  proportion  as  the 
velocity  of  the  power  is  to  the  velocity  of  the 

^  weight  -,  the  powers  of  this  crane  are  cafily  cfti- 
mated,  and  they  are  as  follows* 

If  the  winch  be  put  upon  the  axle  of  the 
Jargcft  trundle,  and  turned  four  times  round, 
^e  wheel  and  axle  will  be  turned  once  round : 
and  the  circle  defcribed  by  the  power  that  turns 
the  winch,  being,  in  each  revolution,  double  the 
circumference  of  the  axle,  when  the  thtckneis 
of  the  rope  is  added  thereto ;  the  power  goes 
through  eight  times  as  much  fpace  as  the  weight 
rifes  through:  and  therefore  (making  fbme 
aUowance  lor  friAioh)  a  man  will  raife  eight 
titnes  as  much  weight  by  the  crane  as  he  would 
by  his  natural  ftrength  without  it :  the  power, 
in  (fait  ca(e»  being  as  eight  to  one. 

If  the  winch  be  put  upon  the  axis  of  the  next 
trundle,  the  powerwill  be  as  fixtecn  toone,  becaufe 
it  moves  i6  times  as  faft  as  the  weight  moves. 

If  the  winch  be  put  upon  the  axis  of  the 
ifiialleft  trundle,  and  turned  round;  the  power 
will  be  as  32  to  one. 

But,  if  the  weight  (hould  be  too  great,  even 
*  far  this  power  to  raife,  the  power  may  be 
doubled  by  drawing  up  the  weight  by  one  of 
the  parts  of  a  double  rope,  going  under  a  pulley 
in  the  moveable  block,  which  is  hooked  to  the 
weight  below  the  arm  of  the  gib  ;  and  then  the 
D  d  3  power 
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power  will  be  as  64  to  one.  That  is»  a  g» 
could  then  raife  64  times  as  much  weight  bf 
the  crane  as  he  could  raife  by  his  natural 
ftrengch  without  k\  becaufe,  for  every  iock 
that  the  weight  rifes,  the  working  power  v3 
move  through  64  inches. 

By  hanging  a  block  with  two  pullies  to  the 
arm  of  the  gib,  and  having  two  pullies  in  the 
moveable  block  that  rifes  with  the  weight,  the 
rope  being  doubled  over  and  under  tbeie  pullies, 
the  power  of  the  crane  will  be  as  128  to  one. 
And  foy  by  incrcafmg  the  number  of  pullies^  the 
power  m^y  be  incrcafed  as  much  as  you  pleafe: 
always  remembering,  that  the  larger  the  pullia 
are,  the  lefs  is  their  fridion. 

Whilft  the  weight  is  drawing  up,  the  ratch- 
teeth  of  a  wheel  Qip  round  below  a  catch  or  click 
that  falls  fucceflively  into  them,  and  fo  hinden 
the  crane  from  turning  backward,  and  detains 
the  weight  in  any  part  of  its  afcent,  if  the  man 
who  works  at  the  winch  ihould  accidentally 
happen  to  quit  his  hold,  or  choofe  to  reft  him- 
fell  before  the  weight  be  quite  drawn  up. 

In  order  to  let  down  the  weight,  a  man  pulls 
down  one  end  of  a  lever  of  the  fecond  kind, 
which  lifts  the  catch  of  the  ratchet-wheel,  and 
gives  the  weight  liberty  to  defcend.  But,  if  the 
defcent  be  too  quick,  he  pulls  the  lever  a  litde 
farther  down,  fo  as  to  make  it  rub  againft  the 
outer  edge  of  a  round  wheel ;  by  which  means 
he  lets  down  the  weight  as  flowly  as  he  pleadfes : 
and,  by  pulling  a  little  harder,  he  may  ftop  the 
weight,  if  needful,  in  any  part  of  its  deteem. 

If 


p 
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If  he  accidentally  quits  hold  of  the  lever,  the 
catch  immedrately  falls, '  and  ftops  both  the 
weight  and  the  whole  machine. 

This  cfarte  is  reprcferited  irt  PLATE  I. 
where  /i  is  the  great  wheel,  and  B  its  axle  on 
which  the  rope  C  winds.  This  rope  goes  over 
a  pulley  D  in  the  end  of  the  arm  of  the  gib  £, 
and  draws  up  the  weight  /s  ^  the  winch  G  is 
turned  round,  H  is  the  largeft  trundle,  /  the 
next,  and  K  is  the  axis  of  the  fmalleft  trundle, 
which  is  fuppofed  to  be  hid  from  view  by  the 
upright  fupportcr  L.  A  truftdle  Af  is  turned 
by  the  ^reat  wheel,  and  on  the  axis  of  this 
trundle  i$  fixed  the  ratchet-wheel  iV,  into  the 
teeth  of  which  the  catch  0  falls,  P  is  the  lever, 
from  which  goes  a  rope  ^^  over  a  pulley  R 
to  the  catch ;  one  end  of  the  rope  being  fixed 
to  the  lever,  and  the  other  end  to  the  catch.  ^ 
is  an  elaftic  bar  of  wood,  one  end  of  which  is 
fcrewed  to  the  floor :  and,  from  the  other  end 
oocs  a  rope  (out  of  fight  in  the  figure)  to  the 
further  end  of  the  lever,  beyond  the  pin  or  axis 
on  which  it  turns  in  the  upright  fupporter  T. 
The  ufe  of  this  bar  is  to  keep  up  the  lever  from 
rubbing  againft  the  edge  of  the  wheel  C7,  and  to 
let  the  catch  keep  in  the  teeth  of  the  ratchet- 
wheel  :  But  a  weight  hung  to  the  farther  end  of 
the  lever  would  do  full  as  well  as  the  elaftic  bar 
and  rope. 

"When  the  lever  is  pulled  down,  it  lifts  the 
catch  out  of  thi  ratchet-wheel,  by  means  of  the 
rope  ^^  and  gives  the  weight  F  liberty  to 
defcend :  but  if  the  lever  P  be  pulled  a  little 
farther  down  than  what  is  fufficient  to  lift  the 
catch  O  out  of  the  ratchet-wheel  N^  it  will  rub 
D  4  4  againjft 
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Againft  the  edge  of  the  wheel  U^  and  theftb|1 
hinder  the  coo  quick  defcent  of  the  weighty  aodj 
will  quite  flop  the  weight  if  pulled  hard.  Anil 
if  the  man  who  pulls  the  lever^  fhould  happen  1 
inadvertently  to  let  it  go  ^  the  elaftic  bar  ^iU 
fuddenly  pyll  it  up»  and  the  catch  will  fail  do«B  | 
and  flop  the  machine. 

W  U^  ^t  two  upright  rollers  above  the  ax4 
or  upper  gudgeon  of  the  gib  £ .-  thetr  ufc  \%  to 
let  tne  rope  C  bend  upon  theni»  as  the  gib  b 
turned  to  either  fide^  in  order  to  bring  the  weight 
over  the  place  where  it  is  intended  to  be  let 
down. 

N.  B.  The  rollers  ought  to  be  fo  placed*  that 
if  the  rope  C  be  ftretchcd  clofe  by  their  utmoU 
fides,  the  half  ihickncfs  of  the  rope  may  be 
perpendicularly  over  the  center  of  the  uppci 
gudgeon  of  the  gib.  For  then,  and  In  no  other 
pofition  of  the  rollers,  the  length  of  the  rope 
between  the  pulley  in  the  gib  and  the  axle  of 
the  great  wheel  will  be  always  the  fame,  in  all 
pofitions  of  the  gib :  and  the  gib  will  remain  ia 
any  pofnion  to  which  it  is  turned. 

When  either  of  the  trundles  is  not  turned  by 
the  winch  in  working  the  crane,  it  may  be  drawo 
oflFfrom  the  wheel,  after  the  pin  near  the  axiscf 
the  trundle  is  drawn  out,  and  the  thick  piece  of 
wood  is  raifed  a  little  behind  the  outward  fup* 
porter  of  the  axis  of  the  trundle.  But  this  is 
not  material :  for,  as  the  trundle  has  no  fridioo 
on  its  axis  but  what  is  occafioned  by  its  weight, 
it  will  be  turned  by  the  wheel  without  aoyfea- 
fible  refiftance  in  working  the  crane. 
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MECHANICS- 

'  Vyrmeter^  that  mahs  the  Exfanfton  of  MitaU 
by  Heat  vifible  to  the  five  and  for iy  iboufandth 
Part  of  an  Inch. 

The  upper  furface  of  this  machine  is  repre* 
"^nted  by  Fig.  i.  of  Place  IL  Its  frame  A  BCD 
^^  made  of  mahogany  wood,  on  which  is  a  circle 
divided  into  ;) 60  equal  pares;  and  within  that 
circle  it  another,  divided  into  8  equal  parts.  If 
the  fliort  bar  E  be  pufhed  one  inch  forward  (or 
toward  tne  center  of  the  circle)  the  index  e  will 
be  turned  125  times  round  the  circle  of  360  paru 
or  degrees.  As  125  times  360  is  45,000,  'tis  evi- 
dent, that  if  the  bar  E  be  moved  only  the  45,6oodtli 
part  of  an  inch,  the  index  will  move  one  degree 
of  the  circle.  But  as  in  my  pyrometer,  the  circle 
»  9  inches  in  diameter,  the  motion  of  the  index 
is  vifible  to  half  a  degree,  which  anfwers  to  the 
ninety  thoufandth  part  of  an  inch  in  the  morion 
or  pufhing  of  the  (hort  bar  E. 

One  end  of  a  long  bar  of  metal  F  is  laid  into 
a  hollow  place  in  a  piece  of  iron  G,  which  is 
fixed  to  the  frame  of  the  machine;  and  the 
other  end  of  this  bar  is  laid  againft  the  end  of 
the  (hort  bar  £,  over  the  fupporting  crofs  bar 
H  I:  and,  as  the  end/  of  the  long  bar  is  placed 
clofe  againft  the  end  of  the  fhort  bar,  'tis  plain» 
that  if  F  expands,  it  will  pulh  E  forward,  and 
turn  the  index  e. 

The  machine  ftands  on  four  (hort  pillars, 
high  enough  from  a  table,  to  let  a  fpiric-lamp 
be  put  on  the  table  under  the  bar  F\  and  when 
that  is  done,  the  heat  of  the  flame  of  the  lamp 
expands  the  bar,  and  turns  the  index. 

There 
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There  are  bars  of  difierent  metals,  u  filiti^l 
trafs,  and  iron;  all  of  the  fame  length  asthei 
bari^,  for  crying  experiments  on  the  diffeitotl 
rxpanfions  of  di&renc  metals,  by  equal  dcgm 
of  heat  applied  to  them  for  equal  lengAs  of 
time ;  which  may  be  meafured  by  a  peodohuDi 
that  fwings  feconds.    Thus, 

Put  on  the  brafs  bar  F,  and  let  the  index  to 
the  360th  degree:  then  put  the  lighted  hmp 
under  the  bar,  and  count  the  number  of  fccoads 
in  which  the  index  goes  round  the  plate,  from 
360  to  360  again;  and  then  blow  out  the  lampi 
and  take  away  the  bar. 

This  done,  put  on  an  iron  bar  F  wh^it  the 
brais  one  was  before,  and  then-  fet  the  index  to 
the  360th  degree  again.  Light  the  lamp,  sod 
put  it  under  the  iron  bar,  and  let  it  remain  juft 
as  many  feconds  as  it  did  under  the  brafs  one; 
and  then  blow  it  out,  and  you  will  fee  how 
many  degrees  the  index  has  moved  in  the  circle: 
and  by  that  means  you  will  know  in  what  pro- 
portion the  expanfion  of  iron  is  to  the  expanfion 
of  brafs  •,  which  I  find  to  be  as  2 10  is  to  ^60^  or 

as  7  is  to  12. By  this  method,  the  relative 

expanfions  of  different  metals  may  be  found. 

The  bars  ought  to  be  exa£Uy  of  equal  fise; 
and  to  have  them  fo,  they  Ihould  be  drawn,  like 
wire,  through  a  hole. 

When  the  lamp  is  blown  out,  you  will  fee  the 
index  turn  backward ;  which  (hews  that  the 
metal  contraAs  as  it  cools. 

The  infide  of  this  pyrometer  is  conftruftedas 
follows. 

In 
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■  In  Fig.  2.  A  a  is  the  Ibort  bar,  which  moves 
between  rollers;  and,  on  the  fide  a  it  has  15 
cccth  in  an  inch,  which  cake  into  the  leaves  of  a 
pinion  B  (12  in  number)  on  whofe  axis  is  the 
wheel  C  of  100  tecchy  which  take  into  the  10 
leaves  of  the  pinion  D,  on  whole  axis  is  the 
iviieel  E  of  100  teeth,  which  take  into  the  10 
iMves  of  the  pinion  F,  on  the  top  of  whofe  axis 
is  the  index  above  mentioned. 

Now,  as  the  wheels  C  and  E  have  100  teeth 
each,  and  the  pinions  D  and  F  have  ten  leaves  ' 
each  \  'tis  plain,  that  if  the  wheel  C  turn  once 
round,  the  pinion  F  and  the  index  on  its  axis 
-will  turn  100  times  round.  But,  as  the  firft 
pinion  A  has  only  12  leaves,  and  the  bar  A  4^ 
that  turns  it  has  15  teeth  in  an  inch,  which  is 
12  and  a  fourth  part  more ;  one  inch  motion  of 
the  bar  will  caufe  the  laft  pinion  F  to  turn  an 
hundred  times  round,  and  a  fourth  p^t  of  an 
hundred  over  and  above,  which  is  25.  So  that, 
ii  Aa  bepulhedone  inch,  F  will  be  turned  125 
times  round. 

A  filk  thread  h  is  tied  to  the  axis  of  the  pinion 
2),  and  wound  feveral  times  round  it  \  and  the 
other  end  of  the  thread  is  tied  to  a  piece  of 
flender  watch-fpring  G  which  is  Bxed  into  the 
ftud  H.  So  that,  as  the  bar  /  expands,  and 
pulhes  the  bar  ^  ^  forward,  the  thread  winds 
round  the  axle,  and  draws  out  the  fpring;  and 
as  the  bar  contrafts,  the  fpring  pulls  back  the 
thread,  and  turns  the  work  the  contrary  way, 
which  pu(hes  back  the  (hort  bar  A  a  agamft  the 
long  bar/.  This  fpring  always  keeps  the  teeth 
of  the  wheels  in  conuft  with  the  leaves  of 

the  • 
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the  pinions,  and  fo  prevents  any  (hake  in  i 
teeth. 

In  Fig.  I.  the  eight  diviOons  of  tk  iuer] 
circle  are  fo  many  thoufandth  parts  of  i 
in  the  ezpanfion  or  contradion  of  chtlmij 
which  is  juft  one  thoufandth  part  of  an&pLif 
each  divifion  moved  over  by  the  indez«'  -^^'t^ 


J  Water-MilU  invented  iy  Dr.  Barked  Hn^ 
neither  fVbeel  nor  Trundle. 


This  machine  is  reprcfented  hj  F^.iA 
Plate  III.  in  which,  A  \%z  pipe  or  chaiiDCllta 
brings  water  to  the  upright  tube  B.  TfacMV 
runs  down  the  tube,  and  thence  into  the  koiv 
zontal  crunk  C»  and  runs  out  through  holeitf 
i  and  e  near  the  ends  of  the  trunk  on  the  coa* 
trary  fides  thereof. 

The  upright  fpindle  D  is  Ext  inrthe  badDffl 
of  the  trunk,  and  fcrewed  to  ic  below  by  the 
nut  g  \  and  is  6xt  into  the  trunk  by  two  dofi 
bars  at  /:  fo  that,  if  the  tube  B  and  tnukC 
be  turned  round,  the  fpindle  D  will  be  nuscd 
aUb. 

The  top  of  the  fpindle  goes  fquarc  inCD  the 
rynd  of  the  upper  mill-ftone  //,  as  in  cominoa 
mills ;  and,  as  the  trunk,  tube,  and  fpindle  turn 
rour.d,  the  mill-ftone  is  tarned  round  there- 
by. The  lower,  or  quiefcent  mill-fkone  is  re- 
prcfented by  /;  and  K  is  the  floor  on  which  ic 
rcfls,  and  wherein  is  the  hole  L  for  letting  the 

meal 
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A  Mi^cbim  for  dsnmnjlrdiing  thaf^  en  equal  Bel- 
tomSy  ibe  Prijfmri  tf/  Fluids  is  in  Pr^porili^n  $$ 
tbdr  perpendicular  Heights^  withmt  any  regati 
to  their  ^antiSiis, 

THIS  is  termed  Tbe  IJydroftaiical  Pareid§xt 
and  the  machine  for  (hewing  it  is  irpre- 
fcnted  in  Fig.  2.  of  Plate  III.  In  which  yf  is  a 
box  that  holds  about  a  pound  of  water,  s  bcde 
a  glafs-tube  fixe  in  the  top  of  the  box,  having  a 
fmall  wire  within  it ;  one  end  of  the  wire  being 
hooked  to  the  end  F  of  the  beam  of  a  balance, 
and  the  other  end  of  the  wire  fixt  to  a  moveable 
bottom,  on  which  the  water  lies,  within  the 
box;  the  bottom  and  wire  being  of  equal 
weight  with  an  empty  fcale  (out  of  fight  in  the 
figure)  hanging  at  the  other  end  of  the  balance. 
If  this  fcale  be  pulled  down,  the  bottom  will  be 
drawn  up  within  the  box,  and  that  motion  will 
caufe  the  water  to  rife  in  the  glafs-tube. 

Put  one  pound  weight  into  the  fcale,  which 
will  move  the  bottom  a  little,  and  caufe  the 
water  to  appear  juft  in  the  lower  end  of  the 
tiibe  at  a ;  which  fhews  that  the  water  prefles 
with  the  force  of  one  pound  on  the  bottom:  put 
another  pound  into  the  fcale,  and  the  water  will 
rife  from  ^  to  ^  in  the  tube,  juft  twice  as  high 
above  the  bottom  as  it  was  when  at  a\  and  then, 
as  its  preflure  on  the  bottom  fuppons  two  pound 
weight  in  the  fcale,  'tis  plain  that  the  preflure 
on  the  bottom  is  then  equal  to  two  pounds. 
Put  a  third. pound  weight  in  the  fcale,  and  the 
3  water 
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vvaccr  will  be  raifed  from  ^  to  r  in  .the  tube, 
three  times  as  high  above  the  bottom  as  when 
it  began  to  appear  in  the  tube  at  a ;  which 
ihews,  that  the  fame  quantity  of  water  that 
pre0cd»  but  with  the  force  ti  one  pound  on 
the  bottom,  when  raifed  no  higher  than  a^ 
prefles  with  the  force  of  three  pounds  on  the 
t)ottom  when  raifed  three  times  as  high  to  r  in 
i;he  tube.  Put  a  fourth  pound  weight  into  the 
fcale,  and  it  will  caufe  the  water  to  rife  in  the 
tube  from  c  to  J^  four  times  as  high  as  it  was 
when  it  was  all  contained  in  the  box,  which 
(hews  that  its  preflure  then  upon  the  bottom  is 
four  times  as  great  as  when  it  lay  all  withia  the 
box.  Put  a  hfch  pound  weight  into  the  fcale, 
and  the  water  will  rife  in  the  tube  from  ^  to  r, 
five  times  as  high  as  it  was  above  the  bottom 
before  it  roff;  in  the  tube ;  which  (hews  that  its 
preflure  on  the  bottom  is  then  equal  to  five 
pounds,  feeing  that  it  fupports  fo  muCh  weisht 
in  the  fcgle.  And  fo  on,  if  the  tube  was  ftill 
longer  ^  for  it  would  ftill  require  an  additional 
pound  put  into  the  fcale,  to  raife  the  water  in 
the  tube  to  an  addijcional  height  equal  (o  the 
ipace  d  e^  even  if  the  bore  of  the  tube  was  fo 
imall  at  only  to  let  the  wire  move  freely  within 
lU  and  leave  room  for  any  water  to  get  round 
the  wire. 

Hence  we  infer,  that  if  a  long  narrow  pipe 
Or  tube  was  fixed  in  the  top  of  a  caA:  full  of 
liquor^  and  if  as  much  liquor  was  poured  into 
the  tube  as  would  fill  it,  even  though  it  were 
fo  fmall  as  not  to  hold  an  ounce  weight  of  li- 
quor ;  the  preflure  arifing  from  the  liquor  in 
the  tube  wQuld  be  ^  great  upon  the  bottom, 

and 
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and  be  in  as  much  danger  of  burftine  it  oat,  ftl 
if  the  cafk  was  continura  up,  in  its  full'Gze,  a] 
the  height  of  the  tube^  and  filled  with  liquor. 


etc 


,»^ 


In  order  to  account  for  this  furprifing  aflvTi 
we  muft  confidcr  that  fluids  prefs  equally  in  dl 
manner  of  direftions  \  and  confequently  thit 
they  prefs  juft  as  ftrongly  upward  as  they  do 
downward.  For,  if  another  tube,  as/,  bepdt 
into  a  hole  made  into  the  top  of  the  box,  and 
the  box  be  filled  with  water;  and  then,  if  water 
be  poured  in  at  the  top  of  the  tube  m  he  it^xi 
will  rife  in  the  tube/  to  the  fame  height  as  it  does 
in  the  other  cube:  and  if  you  leave  oflF  pouring, 
when  the  water  is  at  r,  or  any  other  place  in  the 
tube  abcii^  you  will  find  it  juft  as  high  in  the 
tube/:  and  if  you  pour  in  water  to  fiU  the  Brft 
tube,  the  fecond  will  be  fillecl  alfo. 

Now  it  is  evident  that  the  water  rifes  in  the 
tube/,  from  the  downward  preflTure  of  the  wa- 
ter in  the  tube  ab  c  de^  on  the  furface  of  the 
water,  contiguous  to  the  infide  of  the  top  of  the 
box;  and  as  ic  will  ftand  at  equal  heights  m 
both  tubes,  the  upward  prefliire  in  the  tube/is 
equal  to  the  downward  preflure  in  the  other  tube. 
But,  if  the  tube/ were  put  in  any  other  part  of 
the  top  of  the  box,  the  rifing  of  the  vrater  in  it 
would  ftill  be  the  fame  :  or,  if  the  top  was  full 
of  holes,  and  a  tube  put  into  each  of  them,  the 
water  would  rife  as  high  in  each  tube  as  it  was 
poured  into  the  tube  ab  c  de\  and  then  the 
moveable  bottom  would  have  the  weight  of  the 
water  in  all  the  tubes  to  bear,  beQdes  the  weight 
of  all  the  water  in  the  box. 

And 
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Afid  feeing  that  the  water  b  ptefied  uDWird 
bito  each  tubs,  'tis  evident  that,  if  they  be  A 
teken  away,  excepting  the  tube  ah  €  dti  %xA 
ftit  holes  in  which  they  ftood  be  ftopt  up}  ea^ 
toart,  thus  ftopt,  will  be  prefled  as  much  up^ 
^rd  as  was  equal  to  the  weight  of  water  in  eacdf 
tube.  So  that,  the  upward  preffure  againft  tfiif 
ibfide  of  the  top  of  the  box,  on  every  part  equal 
in  breadth  to  the  width  of  the  tube  ahcie^  will 
be  prefled  upward  with  a  ibrce  equal  to  th^ 
Whole  weight  of  water  in  the  tube.  And  conle^ 
^uently,  the  whole  upward  preffure  againft  th^ 
Dop  of  the  box,  arifing  from  the  weighty  or 
downward  preffure.  of  the  water  in  the  tube,  will 
be  equal  to  the  weight  of  a  column  of  w^ter  of 
the  fame  height  with  that  in  the  tube,  and  of  th^ 
Fame  thicknefs  as  the  width  of  the  infide  of  tfa^ 
box  i  and  this  upward  preffure  againft  the  top 
will  re-a&  downward  againft  the  bottoAi^  and 
be  as  great  thereon,  as  would  be  e(|ual  to  th€ 
Weight  of  a  column  of  water  a;s  thick  as  thd 
moveable  bottom  is  broad,  and  as  high  as  the 
i^ater  ftaiids  in  the  tube.  And  thus,  the  panh 
)ox  is  folved. 

The  moveable  bottoA  has  no  fri^ion  againft 
:hc  infide  of  the  box,  nor  can  any  water  g^ 
xrtween  it  and  the  box.  The  method  of  inak*' 
ng  it  fo^  is  as  follows : 

In  Fig.  3.  Ah  CD  feprefents  a  feflioft  of  the 
MX,  and  a  ^ ri/  is  the  lid  or  top  thereof,  which 
^ffit^  on  tight,  like  the  lid  of  a  comrtion  rapef 
buff-box.  E  is  thp  moveable  bottom^  with  a 
Rtoove  around  its  edge,  and  it  is  put  imo  % 
bUidder  /^,  which  is  tied  clofe  around  it  in  th« 
£  e  groove 
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groove  by  a  (Irong  waxed  thread ;  the  bladder 
coining  up  like  a  purie  within  the  box«  and  pal 
over  the  top  of  it  ac  a  and  i  all  rour.d,  and 
then  the  lid  prefied  on.     So  (hat,  if  water  be 
poured  in  thiough  the  hole  /  /  of  the  lid,  it  will 
lie  upon  the  bottom  £,  and  be  contained  in  the 
{psLCcf  Eg  b  within  the  bladder  ;  and  the  bot- 
torn  may  be  raifed  by  pulling  the  wire  i,  which 
is  fixed  to  it  at  E :    and  by  t{ius  pulling  the  I 
wire,  the  water  will  be  lifted  up  in  the  tube  i, 
$nd  as  the  bottom  does  not  touch  againft  the 
infide  of  the  box,  it  moves  without  fridion. 

Now,  fuppofe  the  diameter  of  this  round  bot- 
tom to  be  three  inches  (in  which  cafe,  the  ara 
thereof  will  be  9  circular  inches)  and  the  dian^* 
ter  of  the  bore  of  the  tube  to  be  a  quarter  of  ao 
inch;  the  whole  area  of  the  bottom  will  be  144 
times  as  great  as  the  area  of  the  top  of  a  pia 
that  would  fill  the  tube  like  a  cork. 

And  hence  it  is  plain,  that  if  the  moveable 
bottom  be  raifed  only  the  144th  part  of  an  inch, 
the  water  will  thereby  be  raifed  a  whole  inch  in 
the  tube ;  and  confequcntly,  that  if  the  botcoiT. 
be  raifed  one  inch,  it  would  raife  the  water  to 
the  top  of  a  tube  144  inches,  or  12  feet,  io 
height. 

N.  B.  The  box  muft  be  open  below  the 
moveable  bottom,  to  let  in  the  air.  Othcr< 
wife,  the  preflbre  of  the  atmofphere  would  be 
fo  great  upon  the  moveable  bottom,  if  it  be 
three  inches  in  diameter,  as  to  require  loS 
pounds  in  the  fcale,  to  balance  that  prefiurCi 
Wore  the  bottom  could  begin  to  move. 

A  Machini 
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A  Machine^  to  hefuhfiituted  in  Place  of  the  iom- 
mon  Hydrofiatical  Bellows. 

In  Fig.  I.  of  PLATE  IV.  ABCDis^ 
oblong  fquare  box,  in  one  end  of  which  is  a 
round  groove,  as  at  a^  from  top  to  bottom,  for 
receiving  the  upright  glafs  tube  /,  which  is  bent 
to  a  right  angle  at  the  lower  end  (as  at  i  in  Fig.  2.) 
&nd  to  that  partis  tied  the  neck  of  a  large  blad- 
der K^  (Fig.  2.)  which  lies  in  the  bottom  of  the 
box.  Over  this  bladder  is  laid  the  m6veable 
board  L  {Fig.  i,  and  3.)  in  which  is  fixt  an  upr 
fight  wire  M\  and  leaden  weights,  N  Nj  to 
the  amount  of  16  pounds,  with  holes  in  their 
middle,  which  are  put  upon  the  wire,  over  the 
board,  and  prefs  upon  it  with  all  their  force.    ' 

The  crofs  barp  is  then  put  on,  to  fecure  the: 
tube  from  falling,  and  keep  it  in  an  iipright  pofi* 
tion  :  And  then  the  piece  £  FG  is  to  be  put  on, 
the  part  G  Aiding  tight  into  the  dovcrtail*d 
groove  Hy  to  keep  the  weights  iV^iV  horizontal, 
and  the  wire  M  upright  •,  there  being  a  round 
hole  e  in  the  part  E  F  for  receiving  the  wire. 

There  are  four  upright  pins  in  the  four  cor- 
ners of  the  box  within,  each  almoft  an  inch  long, 
for  the  board  L  to  reft  upon ;  to  keep  it  from 
prefling  the  fides  of  the  bladder  below  it  clofc 
together  at  firft. 

The  whole  machine  being  thus  put  together," 

pour  water  into  the   tube  at  top ;    and '  the 

water  will  run  down  the  tube  into  the  bladder 

below  the  boards  and  after  the  bladder  has  been 

E  c  2  -  filled 
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filled  up  to  the  board,  continue  pouring  wattr 
into  the  tube,  and  the  upward  prcffurc  wbidiii 
will  excite  in  the  bladder,  will  raile  the  bonjl 
with  all  the  weight  upon  it,  even  though 
bore  of  the  tube  Ibould  be  fo  fmall,  tbac 
than  an  ounce  of  water  would  611  it. 

This  machine  a£ls  upon  the  fame  prinq 
as  the  one  laft  defcribed,  concerning  the  " 
Jlatical  paradox.  For,  the  upward  pL_, 
againft  every  part  of  the  board  (which 
bladder  touches)  equal  in  area  to  the  area  of  ^ 
bore  of  the  tube,  will  be  preflfed  upward  widji , 
force  equal  to  the  weight  of  the  water  io  m 
tube;  and  the  fum  of  all  thefe  prefTures,  agaial 
f^  many  areas  of  the  board,  will  be  fufficicnc  tt 
raife  it  with  all  the  weights  upon  it. 

In  my  opinion,  nothing  can  exceed  this  fim- 
pie  machine,  in  making  the  upward  prelTure  of 
fluids  evident  to  fight. 

The  Caufe  of  reciprocating  Springs^  and  of  ohUi^ 
and  f  owing  }Fellsy  explained. 

In  77^.  I •  of  Plate  V.  Let  j^r^  be  a  bJB; 
within  which  is  a  large  cavern  A  A  near  the 
top,  filled  or  fed  by  rains  and  melted  fiiow  oo 
the  top  a^  making  their  way  through  cbinki 
and  crannies  into  the  faid  cavern,  from  which 
proceeds  a  fmall  dream  CC  within  the  body  of 
the  hill,  and  ifTues  out  in  a  fpring  at  G  on  die 
fide  of  the  hill,  which  will  run  conftantly  whilft 
the  cavern  is  fed  with  water. 

From  the  fame  cavern  A  A^  let  there  be  a 
fmall  channel  P,  to  carry  water  into  the  caveni 


<> 
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full  to  the  top  f,  the  water  will  run  ovcrtk 
•  bend  ^  down  the  part  e  /s  and  go  off  it  th 
mouth  G;  which  will  make  a  great  firaot 
G:  and  that  dream  will  continue,  till  the  fypkoi 
hag  c^irried  off  all  the  water  from  the  well  It 
the  fyphon  carrying  off  the  water  fafterfroal 
than  the  pipe  D  brings  water  to  it :  and  da 
the  fwell  at  G  will  ceafe,  and  only  the 
.  ifrom  the  fmall  pipe  C  C  will  run  off  at  C,  oO 
the  pipe  D  BIls  the  well  B  again ;  and  tin 
the  fyphon  will  run,  and  make  a  fwellatGa 
before. 

And  thus,  we  have  an  artiBcial  reprefeotaon 
of  an  ebbing  and  Bowing  well,  and  of  a  red* 
procating  fpring,  in  a  very  natural  and  fimpk 
manner. 
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/in  Account  of  the  Principles  by  which  Mr.  Blakty 
propofcs  to  raife  Water  from  Aiines^  cr  fim 
Rivers  J  tofiipply  Towns  and  Gentlemen's  j^^uU^ 
by  bis  nev)  invented  Fire-Enginej  for  which  he 
has  received  His  MAJESTY'S  Patenf. 

ALTHOUGH  I  am  not  at  liberty  to  dc- 
fcribe  the  whole  of  this  fimplc  engine,  yet 
I  have  the  patentee's  leave  to  defcribe  foch  a 
one  as  will  fl^ew  the  principles  by  which  it  afis. 

In  Fi/.  4.  of  Plate  IV.  let  yf  be  a  large» 
ftrong,  clofe  velTcl ;  imnierfcd  in  water  op  to 
the  cock  b,  and  having  a  hole  in  the  bottom, 
with  a  valve  a  upon  it,  opening  upward  wittun 
the  vellch  A  pipe  B  C  rifes  from  the  bottoo 
'••■■.■  •  ■  •       "■        oj 
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of  this  vefTcl,  and  has  a  cock  c  \n  it  near  the 
top,  which  is  fmall  there,  for  playing  a  very 
high  jet  d.  E  is  the  little  boiler  (not  fo  big  as 
a  common  tea-kettle)  which  is  conneded  with 
.  the  veffel  J  by  the  ftcam  pipe  Fi  and  G  is  a 
funnel,  through  which  a  little  water  mud  be 
occaQonally  poured  into  the  boiler,  to  yield  a 
proper  quantity  of  fteam.  And  a  fmall  quantity 
of  water  will  do  for  that  purpofe,  becaufe  fteam 
poOeiTeth  upwards  of  14,000  times  as  much 
ipace  or  bulk  as  the  water  does  froos  which  4t 
proceeds. 

The  veffel  J  being  immerfed  in  water  up  to 
the  cock  ^,  open  that  cock,  and  the  water  will 
rufh  in,  through  the  bottom  of  the  veffel  at  a^ 
and  fill  it  as  high  up  as  the  water  (lands  on  its 
outfide  i  and  the  water^  coming  into  the  vcffel, 
will  drive  the  air  out  of  it  (as  high  as  the  water 
rifes  within  it)  through  the  cock  If.  When  the 
water  has  done  rulhing  into  the  veffel,  Ihut  the 
cock  i,  and  the  valve  a  will  fall  down,  and  hin* 
der  the  water  from  being  pulhed  out  that  way, 
by^ny  force  that  preffeth  on  its  furface.  All 
the  p^^rt  of  the  veffel  above  ^,  will  be  full  of 
common  air,  when  the  water  rifes  to  k 

Shut  the  cock  r,  and  open  the  cocks  dsind  €\ 
then  pour  as  much  water  into  the  boiler  E 
(through  the  funnel  G)  as  will  about  half  fill 
the  boiler  i  and  then  (hut  the  cock  ^,  and  leave 
the  co<:k  t  open. 

This  done,  make  a  fire  under  the  boiler  £, 

and  the  heat  thereof  will  raife  a  fteam  from  the 

water  in  the  boiler ;  and  the  fteam  will  make 

its  way  thence,  through  the  pipe  F,  into  the 

E  e  4  veffel 
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wttfcl  A\  and  the  fteiin^  will  comprds  the  lir 
(above  b)  with  a  very  great  force  upoo  the  (v* 
fiice  of  the  water  in  Jt. 

*When  the  top  of  the  Trflet  A  feels  vciy  Ixi 
^  lay  the  fteam  under  it»  open  the  cock  c  in  the 
pipe  C\  and  the  air  being  ftrongly  compieffiEd 
m  A^  between  the  fteam  and  the  water  therdii 
will  drive  all  the  water  out  of  the  reiiel  A^  vp 
the  pipe  B  C,  from  which  it  will  fly  up  in  a  jet 
fo  a  very  great  height.— —In  my  fountirii, 
which  is  made  in  this  manner  after  Mr.  Bkkey% 
three  tea-cup- fulls  of  water  in  the  boiler  will 
afford  (leam  enough  to  play  a  jet  30  feet  high. 

When  all  the  water  is  out  of  the  veflel  A^  tod 
the  compfefled  air  begins  to  follow  the  jet, 
open  the  cocka  i  and  i  to  let  the  fteam  out  of 
wt  boiler  E  and  vcflel  A^  and  (hut  the  cock  1 
to  prcrent  any  more  fteam  from  getting  into  A\ 
ana  the  air  will  ruth  into  the  veflel  A  through 
the  cock  b^  and  the  water  through  the  valve  €\ 
and  fo  the  veflel  will  be  filled  up  with  water  to 
(he  cock  b  as  before.  Then  ihut  the  cock  h 
and  the  cocks  c  and  d^  and  open  the  cock  e\ 
and  then,  the  next  fteam  that  rifes  in  the  boiler 
will  make  its  way  into  the  veflel  A  again  \  and 
the  operation  will  go  on,  as  above. 

When  all  the  water  in  the  boiler  E  is  evapo- 
rated,  and  gone  off*  into  fteam,  pour  a  little 
more  into  the  boiler,  through  the  tunnel  G. 

In  order. to  make  this  engine  raife  water  to 
Viy  gentleman's  houie ;  if  the  boufe  be  on  the 
l>anl^  of  i|  river^  the  pipe  BCn^j  bfc  cootinued 

up 
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up  to  the  iDtendcd  height^  in  the  direfiioo  H  I. 
Or,  if  the  houfe  be  on  the  fide  or  u>p  of  a  hill, 
at  a  diftance  from  the  river,  the  pipe,  through 
ivhich  the  water  is  forced  up,  may  be  laid  along 
on  the  bill,  from  the  river  or  fpring  to  the  hojufe. 

The  boiler  may  be  fed  by  a  imall  pipe  JT, 
from  the  water  thac  rifes  in  the  main  pipe 
BCHI\  the  pipe  K  being  of  a  very  fmall  bore, 
ib  as  to  fill  the  funnel  G  with  water  in  the  time 
that  the  boiler  E  Will  require  a  fre(b  fupply. 
And  then,  by  turning  the  cock  d^  the  water  will 
£aUl  from  the  funnel  into  the  boiler.  1  be  fun- 
nel (hould  hold  as  much  water  as  will  about  half 
fill  the  boiler. 

When  either  of  thefe  methods  of  ndHng  water, 
perpendicularly  or  obliquely,  is  ufed,  there  will 
be  no  occafion  for  having  the  cock  c  in  the 
main  pipe  BCHI:  for  fuch  a  cock  is  requifite 
only,  when  the  engine  is  ufed  as  a  fountain. 

A  contrivance  may  be  very  eafily  made,  from 
a  lever  to  the  cocks  ^,  i,  and  e\  (b  that,  by  pol- 
ling the  lever,  the  cocks  b  and  4  may  be  opened 
when  the  cock  e  muft  be  (but ;  and  the  cock  e 
be  opened  when  h  and  d  muft  be  (hut. 

The  boiler  E  (bould  be  inclofed  in  a  brick  wall, 
at  a  little  diftance  from  it,  all  around ^  to  give  li- 
berty for  the  flames  of  the  fire  under  the  boiler  to 
aicend  round  about  it.  By  which  means,  (the 
wall  not  covering  the  funnel  G)  the  force  of  the 
fteam  will  be  prodigioufly  increafed  by  the  heat 
round  the  boikr ;  and  the  funnel  and  water  in 
it  will  be  heated  ^m  daie  boiler  %.  fo  that,  the 

boiler 
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boiler  will  not  be  chilled  by  letting  cold  waml 
'into  it  I  and  the  rifing  of  the  fteam  will  bcfe] 
much  the  quicker. 

.  Mr.  Blakey  is  the  only  perfon  who  ever  thought 
.  of  making  ufe  of  air  as  an  intermediate  body 
.between  fteam  and  water:  by  which  means, the 
ftram  is  always  kept  from  touching  the  water, 
and  confcquentiy  from  being  condcnfed  by  it 
And,  on  this  new  principle,  he  has  obtained  i 
patent :  fo  that  no  one  (viry  the  engine  how  he 
will)  can  make  ufe  of  air  between  fteam  and 
water,  without  infringing  on  the  patent,  and 
being  fubjc£k  to  the  penalties  of  the  law. 

This  engine  may  be  built  for  a  trifling  ex- 
pence,  in  comparifon  of  the  common  fire  engine 
now  in  ufe :  it  will  feldom  need  repairs,  and 
will  not  confume  half  fo  much  fuel.  And  as  it 
has  no  pumps  with  piftons,  ic  is  clear  of  all  their 
frifbion :  and  the  eflfcft  is  equal  to  the  whole 
ftrength  or  comprcffive  force  of  the  fteam : 
which  the  efFtdlof  the  comrron  fire  engine  never 
is,  on  account  of  the  great  friction  cf  the  piftons 
in  their  pumps. 

ARCHIMEDES'j  Screw  Enghie  for  raifmg 
Water. 

'  la  Fig.  I.  of  PLATE  VI.  jIBCD  is  a 
wheel,  which  is  turned  round,  according  to  the 
order  of  the  letters,  by  the  fall  of  water  E  F, 
which  need  not  be  more  than  three  feet.  The 
axle  G  of  the  wheel  is  elevated  fo,  as  to  make 
an  angle  of  about  44  degrees  with  the  horizon  -, 
and  on  the  top  of  that  axle  is  a  wheel  f/,  which 
turns  fuch  another  wheel  /  of  the  fame  number 

of 
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.of  teeth :  the  axle  K  of  this  laft  wheel  being 
parallel  to  the  axle  G  of  the  two  former  wheels. - 

The  axle  G  is  cut  into  a  double- threaded 
fcrew  (as  in  Fig.  2.)  exa£tly  refembiing  the  fcrew 
on  the  axis  of  the  fly  of  a  common  jack,  which 
muft  be  (what  is.  called)  a  right-handed  fcrew, 
like  the  wood-fcrews,  if  the  firft  wheel  turns  in 
the  direftion  ABCD\  but  muft  be  a  left-handea 
fcrew,  if  the  ftream  turns  the  wheel  the  contrary 
way.  And,  which-ever  way  the  fcrew  on.  the 
axle  G  be  cut,  the  fcrew  on  the  axle  K  muft  be 
cut  the  contrary  way  ;  becaufe  thefe  axles  turn 
in  contrary  direftions. 

The  fcrews  being  thus  cut,  they  muft  be 
covered  clofe  over  with  boards,  like  thofe  of  a 
cylindrical  caik  \  and  then  they  will  be  fpiral 
tubes.  Or,  they  may  be  made  of  tubes  of  ftiff 
leather,  and  wrapt  round  the  axles  in  (hallow 
grooves  cut  therein  -,  as  in  Fig.  3. 

The  lower  end  of  the  axle  G  turns  conftantly  , 
in  the  ftream  that  turns  the  wheel,  and  the  lower 
ends  of  the  fpiral  tubes  are  open  into  the  water. 
So  that,  as  the  wheel  and  axle  are  turned  round, 
the  water  rifes  in  the  fpiral  tubes,  and  runs  out 
at  L,  through  the  holes  M,  JV,  as  they  come 
about  below  the  axle.  Thefe  holes  (of  which 
there  may  be  any  number,  as  four  or  fix)  arc  in 
a  broad  dole  ring  on  the  top  of  the  axle,  into 
which  ring,  the  water  is  delivered  from  the 
upper  open  ends  of  the  fcrew-tubes,  and  falls 
into  the  open  box  N. 

The  lower  end  of  the  axle  K  turns  on  a 
gudgeon,  in  the  water  in  N\  and  the  fpiral 
c  *  tubes 
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tubei  ia  thtt  atte  Hike  \tp  the  wirtcr  from  N, 
and  deliver  it  into  fuch  mother  box  under  d» 
top  of  Ki  on  which  there  niay  be  fuch  another 
;whcel  as  /,  to  turn  a  third  axle  by  fuch  a  wheel 
upon  it.-r-^And  in  this  manner,  water  may  be 
raifed  to  any  given  height,  when  there  is  a 
.  Ikream  fufficieat  for  that  purpofe  to  a6t  oo  the 
broid  float  boards  of  the  firft  wbeeL  . 
♦ 

J  ^mirupli  Pump^MiU  fkr  rmfii^  Water. 

This  engine  is  reprefented  in  PLATE  VIL 
In  which  J  BCD  is  a  wheel,  turned  by  water 
according  to  the  order  of  the  letters.  On  the 
borizomal  axis  are  four  fm^l  wheels,  toothed 
almoft  half  round:  and  the  parts  of  their  edges 
on  which  there  are  no  teeth  are  cut  down  fo^  as 
to  be  even  with  the  bottoms  of  the  teeth  where 
they  ftand. 

The  teeth  of  thefe  four  wheels  take  alternately 
into  the  teeth  of  four  racks,  which  hang  by  two 
chains  over  the  puUies  ^  and  L ;  and  to  the 
lower  ends  of  thefe  racks  there  are  four  iron 
rods  fixed,  which  go  dowri  into  the  four  forcing 
pomps,  f,  Rj  ilf  and  N.  And,  as  the  wheels 
turn,  the  racks  and  pump-rods  are  alternately 
moved  up  and  down. 

TliUs,  fuppofe  the  wheel  G  has  pulled  down 
the  rack  /,  and  drawn  up  the  rack  JiT  by  the 
chain :  as  the  la(i  tooth  of  G  juft  leaves  the 
uppermoft  tooth  of  /,  the  firft  tooth  of  H  is 
ready  to  take  into  the  lowermoft  tooth  of  the 
rack  iiC  and  pull  it  down  as  far  as  the  teeth  go  t 

and 
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^^  dirti  the  rack  /  is  pulled  upward  through 

"^^^  whole  fpacc  of  its  teeth,  and  the  whed  G  ts 

^ady  to  takjc  hold  of  ir,  and  pgll  it  down  a^ain, 

^--^d  fp  draw  up  the  other,  -in  the  Htine 

tner,  the  wheels  E  and  F  work  the  racks  O 

P. 


Thefe  four  wheels  are  fixed  on  the  axle  of  the 

S^ieat  wheel  in  fuch  a,  manner,  with  refpeft  tQ 
lie  ppfitions  pf  their  teeth ;  th^t,  whijit  tbe]^ 
continue  turning  round,    there  h  never  one 
^nftant  of  time  m  which  one  or.  other  of  the 
^ump-rods  is  not  gtling  down,  and  forcing  the 
^water.     So  that,   in  this  engine,   there  is  no 
occafion  for  luvtrif^  a  general  aif-Yfflcl  to  all  the 
pumps,  to  procure  a  conftant.  dream  of  water 
flowing  from  the  upjpcr  end  <tf  the  main  pipe. 

The  piftons  of  thf  fe  pumps  are  foHd  pluneem, 
the  fame  as  defcnbed  in  the  fifch  i.eAure  of  my 
book,  to  which  this  is  a  Supplement.  See 
PLATE  XI  Fsg.j^.  of  tbath^k^  witbtbe 
defcription  tf  thtfigwre. 

From  each  of  thefe  pumps,  near  die  loweft 
end,  in  the  water,  there  goes  oflFa  pipe;  with  t 
▼alve  on  its  fartheft  end  from  the  pump ;  and 
thefe  ends  of  the  pipes  all  enter  one  clofe  box, 
into  which  they  deliver  the  water:  vd  into  this 
box,  the  lower  end  of  the  m^in  conduft  pipe  is 
fixed*  So  that,  as  the  water  is  forced  or  puffaed 
into  this  box,  it  is  alfo  pufhed  up  the  main  pipe 
to  the  height  that  it  is  intended  to  be  raifed. 

There  is  an  engine  of  this  fort,  defcribed  tii 

RameilP%  wock :    bpt  I  can  truljr  fay,;  that  I 

a  nevtf 
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never  fave  k  till  Some  time  aftet  1  had  made  thii 
model  '  ,  .,;    \ 

The  faid  model  Is  cot  dbQvc  twice  a5  big  is 
the  figure  of  it,  here  dcfcrifcied,  I  turn  ir  byi 
inrinch  fixed  on  the  gudgeon  of  the  axle  bchiaij 
the  water  wheel  i  and,  when  k  was  newly  madc^ 
and  the  piitons  and  valves  in  good  order,  I  put 
tin  pipes  1$  feet  high  upon  ir/ when  they  were 
joined  together,  to  fee  what  .it  could  do«  And 
I  found,  that  in  turning  it  moderately  by  the 
winch»  it  would  raifc  a  }iog|he^d  of  water  io  m 
hour,  to  the  height  of  15  feet.,      . 

DIALLING. 

The  univerfal  BidUing  Cy Under. 

In  Fig.  I.  of  PLATE  VIIL  ABCDjt^ 
prefcnts  a  cylindrical  glafs  tube,  clofed  at 
both  ends  with  brafs  plates,  and  having  a  wire  or 
axis  £  FG  fixt  in  the  centers  of  the  brafs  plates 
at  top  and  bottom.  This  tube  is  fixed  to  a  ho- 
rizontal board  f/,  and  its  axis  makes  an  angle 
with  the  board  equal  to  the  angle  of  the  earth's 
axis  with  the  horizon  of  any  given  place,  for 
which  the  cylinder  is  to  fervre  as  a  dial.  And  it 
mud  be  fet  with  its  axis  parallel  to  the  axis  of 
the  world  in  that  place ;  the  end  E  pointing  to 
the  elevated  pole.  Or,  it  may  be  made  to  move 
upon  a  joints  and  then  it  may  be  elevated  for 
any  particular  latitude. 

There  arc  24  ftraight  lines,  drawn  with  a  dia- 
mond, on  the  outfide  of  the  glais,  equidifiant 
from  each  other,  and  all  of  them  parallel  to  the 
axis.    Thefe  are  the  hour-lines  \  and  the  hours 

arc 
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^^  fct  to  ihcm  as  in  the  figure :  the  XII  next  B 
^9jids  for  midnight,  and  the  oppofite  XII,  next 
^^c  board  H,  ftands  for  mid-day. or  noon.  . 

^    The  axis  being  elevated  to  the  latitude  of  the 

^lace,  and  the  foot-board  fct  truly  level,  with  the 

black  line  along  its  middle  in  the  plane  of  the 

xncridian,  and  the  end  N  toward  the  north  *,  the 

^^xis  EFG  will  ferve  as  a  ftile  or  gnomon,  and 

caft  a  (hadow  on  the  hour  of  the  day,  among  the 

parallel  hour  lines  when  the  fun  fliines  on  the 

machine.     For,  as  the  fun's  apparent  diurnal 

motion  is  equable  in  the  heavens,  the  fhadow  of 

the  axis  will  move  equably  in  the  tube  ^  and  will 

always  fall  upon  ibaS  hour-line  which  is  oppofue 

CO  the  fun,  at  any  given  time. 

The  brafs  plate  /I  D,  at  the  cop,  is  parallel  to 
the  equator,  and  the  axis  EFG  is  perpendicular 
to  it.  If  right  lines  be  dra^wn  from  the  center  of 
this  plate,  to  the  upper  ends  of  the  equidiftanc 
parallel  lines  on  the  outfide  o£  the  tube  i  thefe 
right  lines  will  be  the  hour-lines  on  the  equi- 
oo&ial  dial  AD^  at  15  degrees  diftance  fropi 
each  other :  and  the  hour-letters  may  be  fee  to 
them  as  in  the  figure.  Then,  as  the  fhadow  of 
the  axis  within  the  tube  comes  on  the  hour-lines 
of  the  tube,  it  will  cover  the  like  hour-lines  on 
the  equinoctial  plate  J  D. 

If  a  thin  horizontal  plate  if  be  put  within  the 
tube,  fo  as  its  ed^  may  touch  the  tube  all 
around  i  and  right  lines  be  drawn  from  the  center 
of  that  plate  to  thofe  points  of  its  edge  which  are 
cut  by  the  parallel  hour-lines  on  the  cube^  thefe 
right  lines  will  be  the  hour-lines  of  a  horizontal 
dial»  for  the  latitude  to  which  che  tube  is  ele« 
^  '  '  '  vated. 
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▼a'ted.    For,  as  the  fhadow  of  the  zxi$ 
fiicccffively  to  the  hour-Uties  af  the  tube, 
covers  them,  it  will  then  cofcx  the  Hke  hoar-l 
lines  on  the  horizontal  plate  ef^   to  which  &] 
hours  may  be  fet  i  as  io  the  figure. 

If  a  thiri  vertical  pkte  |^  C,  be  put  within  tk 
tube,  fo  as  to  front  the  meridian  or  I2  oMod 
line  thereof,  and  the  edge  of  this  plate  toodi 
the  tube  all  around;  and  then,  if  right  lines  be 
drawn  fronn  the  center  of  the  plate  to  thofc  pointi 
of  its  edge  which  are  cut  by  the  parallel  hoor- 
lines  on  the  tubej  thefc  right  lines  will  be  the 
hour-lines  of  a  vertical  fouthKlia! :  and  the  (hadow 
of  the  axis  will  cover  them  at  the  fame  dmcs  wks 
it  covers  thofc  of  the  tube. 

If  a  thin  plate  be  put  within  the  tube  (b^  as  to 
decline,  or  incline,  or  recline,  by  any  given  if um^ 
ber  of  degrees  •,  and  right  lines  be  drawn  froni 
its  center  to  thehour-linesof  the  tube^  thefe  right 
lines  will  be  the  hour  lines  of  a  declining,  incfiih 
ing,  or  reclining  dial,  anfwering  to  the  like 
number  of  degrees,  for  the  latitude  to  which  the 
cube  is  elevated. 

And  thus,  by  this  fimple  machine,  all  the 
principles  of  dialling  are  made  very  pbin,  and 
evident  to  the  fight.  And  the  axis  of  the  tube 
(which  is  parallel  to  the  axis  of  the  world  in 
every  latitude  to  which  it  is  elevated)  is  the  ftile 
or  gnomon  for  all  the  different  kinds  of  fun-dials^ 

And  laftly,  if  the  axis  of  the  tube  be  drawn 
our,  with  the  plates  AD^  ef^  and g  C  uoon  it? 
and  fet  it  up  in  fun-fhine,  in  the  fame  pontion  as 
they  were  m  the  tube  ^  you  will  have  an  eoui- 

nooial 
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Bo&ud  dial  AD^SL  horizontal  dial  ef^  and  a  ver* 
tfcal  fouch  dial^  C  i  on  all  which^  the  time  of 

the  daf  will  be  ihewn  by  the  Ihadow  of  the  axis 

or  gnomon  E  F  G. 

'  Let  us  now  fuppofe  that,  inftead  of  a  glafs 
tube,  jiBC  Di%  3,  cylinder  of  wood ;  on  which 
the  24.  parallel  hour-lines  are  drawn  all  around, 
'  at  equal  diftances  from  each  other  \  and  thar^ 
from  the  points  at  top,  where  thefe  lines  end, 
right  lines  are  drawn  toward  the  center,  on  the 
flatfurface^JD:  Thefe  right  lines  will  be  the 
hour-lines  on  anequinoAial  diaU  for  the  latitude 
of  the  place  to  which  the  cylinder  is  elevated 
above  the  horizontal  foot  or  pedeftal  H ;  and 
they  are  equidiftant  from  each  other,  as  in  Fig.  a. 
which  is  a  full  view  of  the  flat  furface  or  top 
ADo(  the  cylinder,  feen  obliquely  in  Fig.  i. 
And  the  axis  of  the  cylinder  (which  is  a  ftraight 
wire  EFG  all  down  its  middle)  is  the  ftile  or 
gnomon ;.  which  is  perpendicular  to  the  plane 
of  the  equino6tial  dial,  as  the  earth's  axis  is  per- 
pendicular to  the  plane  of  the  equator. 

To  make  a  horizontal  dial,  by  the  cylinder, 
for  any  latitude  to  which  its  M\s  is  elevated ; 
draw  out  the  axis  and  cut  the  cylinder  quite 
through,  as  at  e  bfg^  parallel  to  the  horizontal 
boai;d  //,  and  take  oBTthe  top  part  i  A  Df  e  -,  and 
the  feflion  e  bfg  e  will  be  of  an  elliptical  form, 
as  in  Fig.  3.  Then,  from  the  points  of  this 
it&\on  (on  the  remaining  part  e  B  Cf)  where 
the  pardlel  lines  on  the  outfide  of  the  cylinder 
meet  it,  draw  right  lines  to  the  center  of  the 
fe£tion  -,  and  they  will  be  the  true  hour-lines  for 
a  horizontal  dial,  as  ^^  ^  ^  ^  ^  in  Fig.  3.  which  may 
be  included  in  a  circle  drawn  on  that  fedion. 

F  f  Then 
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Then  put  the  wire  inta  ics  place  again,  ari  ic 
will  be  E  ft  lie  for  cafting  a  Ihadow  on  the  time ! 
of  the  day,  on  that  dial     Sa,  E  (Fig.  3,)  istiie 
(tile  of  the  horizon t£^  dtal^  parallel  to  the  zm 
of  the  cylinder. 

To  ms^c  a  vcnical  fcMJth  dial  bf  the  cyHrr- 

der,  draw  out  the  axis,,  and  cut  the  cylinder 

pcrpcrtdicularly  to  the  horizontal  board  H^  aiat 

ziCkg^  beginning  at  the  hour  line  (BgeJ}ci 

All.  and  making  the  fcftion  at  right  angles  » 

the  line  S  HN  on  the  horizontal  board.    Then» 

take  off  the  upper  part  g  AD  C^  and  the  face  of 

the  fcftion  thereon  will  be  ellipticaJ^  as  (hewn  in 

Fig.  4i     From  the  points  in  the  edge  of  this  ko 

tion,  where  the  parallel  hour-lines  on  the  round 

finface  of  the  cylinder  meet  it,  draw  right  linrt 

to  the  center  of  the  feftion  -,  and  they  will  be 

the  true  hour-lines  on  a  vertical  direft  iotath  dial, 

for  the  latitude  to  which  the  cylinder  was  cl^ 

▼ated :  and  will  appear  as  in  Fig.  4.  on  whiclr 

che  vertical  dial  may  be  made  of  a  circular  (hape, 

or  of  a  fquare  (hape  as  reprefcnted  in  the  figorr. 

And  F  will  be  its  ftile  parallel  to  the  axis  of  the 

cylinder. 

And  thus,  by  cutting  the  cylinder  any  way, 
fo  as  its  fe<aion  may  either  incline,  or  declint,  or 
recline,  by  any  given  number  of  degrees  ;  and 
from  thofc  points  in  the  edge  of  the  fedtioo 
where  the  outfide  parallel  hour-lines  meet  it^ 
draw  right  lines  to  the  center  of  the  fe£Hon ;  and 
they  will  be  the  true  hour- lines,  for  the  like  de- 
clining, reclining,  or  inclining  dial:  And  the 
axis  of  the  cylinder  will  always  be  the  gnomon 
or  ftile  of  the  diaL     For,  whicb-cvcr  way  Ac 
plane  of  the  dial  lies,  its  ftile  (or  the  edge  thereof 

thai 
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dls  the  (hadow  on  the  hours  of  the  dayt) 
be  parallel  to  the  earth's  axis,  and  point 
1  the  elevated  pole  of  the  heavens. 

incase  a  Sun-Dial  on  Paper  %  wbicb^  when 
ed  round  a  Cylinder  of  tVood^  fti&lljhew  tbe 
\e  of  tbe  Day^  tbe  Sun^s  Place  in  tbe  Ecliptic^ 

bis  Altitude^  at  any  Time  of  OifcrvationJ 

PLATE  IX. 

w  the  right  line  aAB^  parallel  to  the  top 

paper  \  and,  with  any  convenient  opening 

compafles,  fet  one  foot  in  the  end  of  the 

:  a^  as  a  center,  and  with  the  other  foot  de« 

the  quadranul  arc  ^£,  and  divide  it  into 

jal  parts  or  degrees.     Draw  the  right  line 

at  right  angles  loaAB^  and  touching  the 

ant  yf  £  at  the  point  A.    Then,  from  the 

'  »,  draw  right  lines  through  as  many  de«* 

of  the  quaorant^  as  are  equal  to  the  fun*s 

le  at  noon,  on  the  longed  day  of  the  year, 

place  for  which  the  dial  is  to  ferve^ 

altitude,  at  London,  is  62  degrees  :  and 

lue  thefe  right  lines  till  they  meet  the  tin* 

ine  AC\  and,  from  thefe  points  of  moet* 

Iraw  ftraight  lines  acrofs  the  paper,  paraN 

the  firft  right  line  AB^  and  they  will  be 

irallels  of  the  fun's  altitude,  in  whole  de* 

from  fun-rife  till  fun-fet,  on  all  the  days 

year.—  Thefe  parallels  of  altitude  muft 

iwn  out  to  the  right  line  B  D,  which  muft 

rallel  to  A  C,  and  as  far  from  it  as  is  equal 

intended  circumference  of  the  cylinder  on 

the  paper  is  to  be  pafted,  when  the  dial  is 

1  upon  it. 

'ide  the  fpace  between  the  right  lines  A  C 

D  (at  top  and  bouom)  into  twelve  equal 

F  f  2  pans 
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parts,  for  the  twelve  Ggns  of  the  ecliptic ;  an^ 
nrom  mark  to  mark  of  thefe  dhrifions  at  top 
and  bottom,  draw  right  lines  parallel  to  ^C  and 
B  D  ',  and  place  the  chara&ers  of  the  12  figns  io 
thefe  tweWe  fpaces,  at  the  bottom,  as  in  the  figure: 
beginning  with  itf  or  Capricorn,  and  ending 
with  K  or  Pifces.  The  fpaces  including  die 
figns  fliould  be  divided  by  parallel  lines  into 
halves ;  and  if  the  breadth  wilt  admit  of  U 
without  confufion,  into  quarters  alibw 

At  the  top  of  the  dial,  make  a  fcale  of  the 
months  and  days  of  the  year,  fb  as  the  days  may 
ftand  over  the  fun's  place  for  each  of  them  in 
the  figns  of  the  ecliptic.  The  fun's  place,  for 
every  day  of  the  year,  may  be  found  by  any 
common  ephemeris :  and  here  it  will  be  bed  to 
make  ufe  of  an  ephemeries  for  the  fecond  year 
after  leap  year  •,  as  the  neareft  mean  for  the  fi]n*s 
place  on  the  days  of  the  leap-year,  and  on  thofe 
of  the  firft,  fecond,  and  third  year  afcer. 

Compute  the  fun's  altitude  for  every  hour  (in 
the  latitude  of  your  place)  when  he  is  in  the 
beginning,  middle,  and  end  of  each  fign  of  the 
eclipric ;  his  altitude  at  the  end  of  each  figa 
being  the  fame  as  at  the  beginning  of  the  next. 
And,  in  the  upright  parallel  lines,  at  the  begin- 
ning and  middle  of  each  fign,  make  marks  for 
theie  computed  altitudes  among  the  norizontal 
parallels  ol:  altitude,  reckoning  them  downward, 
according  to  the  order  of  the  numeral  figures  fet 
to  them  at  the  right  hand,  anfwering  to  the  like 
dlvifions  of  the  quadrant  at  the  left.  And, 
through  thefe  marks,  draw  the  curve  hour-lines, 
and  fet  the  hours  to  them,  as  in  the  figure, 
reckoning  the  forenoon  hours  downward,,  and 

the 
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of  the  (hadow,  will  fall  upon  the  time  dt^ 
day,  as  it  is  before  or  after  noon,  among  lk^ 
curve  hour-lines ;  and  will  (hew  the  fun's  dftr  I 
tilde  at  that  time,  amongft  thecro&parallclsofi^ 
altitude,  which  go  round  the  cylinder  :  aody.v 
the  fame  time,  ic  will  (hew  in  what  iign  of  Ae 
ecliptic  the  fun  then  is,  and  you  may  very  acukf 
gucfs  at  the  degree  of  the  (ign,  by  eftimatioii^ 
the  eye. 

The  ninth  plate,  on  which  this  dial  is  dran^ 
may  be  cut  out  of  the  book,  and  pafted  roundly 
cylinder  whofe  length  is  6  inches  and  6  tcntfai 
of  an  inch  below  the  moveable  top  ;  and  its 
diameter  2  inches  and  24  hundred  parrs  of  an 
inch-— Or,  I  fuppofe  the  copper-plate  prints 
of  it  may  be  had  at  Mr.  CadelTsy  bookfellcr  in 
the  Strand,  London.  But  it  will  only  dofrr 
London,  and  other  places  of  the  fame  latitude. 

When  a  level  table  cannot  be  had,  the  dial  mty 
be  hung  by  the  ring  Fat  the  top.  And  wiien  it 
is  not  ufcd,  the  wire  that  fcrvcs  for  a  ftile  may 
be  drawn  out,  and  put  up  within  the  cylinder; 
and  the  machine  carried  in  the  pocket. 

To  make  three  Sun-dials  upon  three  different  Pkm% 
Jo  as  they  may  all  Jbew  the  Time  of  the  D£f  ly 
one  Gnomon. 

On  the  flat  board  ABC^  defcribe  a  horizontal 
dial,  according  to  any  of  the  rules  laid  down  in 
the  Le(5lure  on  Dialling ;  and  to  it  fix  its  gnoaioo 
FG  //,  the  edge  of  the  (hadow  from  the  fide 
FG  being  that  which  (hews  the  time  of  the  day. 

To  this  horizontal  or  flat  board,  join  the 
upright  board  EDC^  touching  the  edge  GHoi 
the  gnomon.     Then,    making  the  top  of  the 

goomon 
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ignoman  at  G  the  center  of  the  vertical  fouth 
dial,  defcnbc  a  fouth  dial  on  the  board  EDC. 

Lailly,  on  a  circular  plate  /  K  defcribe  ak 
equinpftial  dial,  all  theliours  of  which  dial  are 
cquidiftant  from  each  other ;  and  making  a  flit 
€din  that  dial,  from  its  edge  to  its  center,  in  the 
XII  o'clock  line  *,  put  the  faid  dial  perpendicu- 
larly on  the  gnomon  FG,  as  far  as  the  flit  will 
admit  of;  and  the  triple  dial  will  be  finifhed  •,  the 
fame  gnomon  ferving  all  the  three,  and  (hewing 
the  fame  time  of  the  day  on  each  of  them. 

jin  univerfal  Dial  on  a  plain  Cr$fs. 

This  dial  is  reprefented  hy  Fig.  i  of  PLATE 
XI»  and  is  moveable  on  a  joint  C,  for  elevating 
it  to  any  given  latitude,  on  the  quadrant  C  o  90, 
as  it  ftands  upon  the  horizontal  board  A.  The 
arms  of  the  crofs  ftand  at  right  angles  to  the 
middle  part ;  and  the  top  of  it  from  a  to  n^  is 
of  equal  length  with  either  of  the  arms  neormk. 

Having  fet  the  middle  line  t  u  to  the  latitude 
of  your  place,  on  the  quadranr,  the  board  <f 
level,  and  the  point  N  northward  by  the  needle ; 
the  plane  of  the  crofs  will  be  parallel  to  the 
plane  of  the  equator  ;  and  the  machine  will  be 
reAified, 

Then,  from  III  o'clock  in  the  morning,  till 
VI,  the  upper  edge  k  lot  the  arm  / 0  will  caft  a 
(hadow  on  the  time  of  the  day  on  the  fide  of  the 
arm  cm:  from  VI  till  IX  the  lower  edge  i  of 
the  arm  i  c  will  call  a  (hadow  on  the  hours  on 
the  fide  0  q.  From  IX  in  the  morning  to  XII  a( 
noon,  the  edge  ^  ^  of  the  top  part  a  n  will  catt  a 
ihadow  on  the  hours  on  the  arm  nef:  from  XII 
to  III  in  the  afternoon,  the  edge  c  d  oi  the  top 
F  f  4  part 
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psrt  will  cad  a  (hadow  on  the  hours  on  tbc 
«rm  klm:  from  III  to  VI  in  the  evening,  the 
edge  /  i  will  call  a  Ihadow  on  the  hours  oa 
the  Dart  p  s^  and  from  VI  till  IX,  the  fhadow 
of  the  edge  ef  will  (hew  the  time  on  the  top 
parttfu. 

The  breadth  of  each  parr,  ah^tf^  &c  muft 
be  fo  great  as  never  to  let  the  (hadow  fall  quite 
without  the  part  or  arm  on  which  the  hours  are 
ynarkcd,  when  the  fun  is  at  his  greateft  declina- 
lion  from  the  equator. 

To  determine  the  breadth  of  the  fides  of  the 
arms  which  contain  the  hours,  fo  asto  be  in  juft 
proportion  to  their  length  *,  make  an  angle 
ABC  (Fig.  2.)  of  %i\  degrees,  which  is  equal 
to  the  fun's  greateft  declination :  and  fuppofc 
the  length  of  each  arm,  from  the  fide  of  the  long 
middle  part,  and  alfo  the  length  of  the  top -part 
above  the  arms,  to  be  equal  to  B  d. 

Then,  as  the  edges  of  the  (hadow  from  each  of 
the  arms,  will  be  parallel  to  £  ^,  making  an  angle 
of  23t  degrees  with  the  fide  B  dof  the  arm  when 
the  fun's  declination  is  23^  degrees ;  'tis  plain, 
that  if  the  length  of  the  arm  he  B  d^  the  leaft 
breadth  that  it  can  have,  to  keep  the  edge  Be  of 
the  ftadow  Begd  from  going  off  the  fide  of  the 
arm  de  before  it  comes  to  the  end  ed  thereof, 
muft  be  equal  to  ^  ^  or  dB.  But  in  order  to 
^Leep  \Jt^  fhadow  within  the  quarter  divifions  of 
the  hours,  when  it  comes  near  the  end  of  the 
arm,  the  breadth  thereof  (bould  be  fliil  greater, 
lb  as  to  be  almoft  doubled,  on  account  of  the 
fiiftance  between  the  tips  of  the  arms. 
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To  place  the  hours  right  on  the  arms,  take  the 
following  method. 

Lay  down  the  crofs  achd  (Fig.  3.)  on  a  (heet 
of  paper  •,-  and  with  a  black  lead  pencil,  held 
dole  to  it,  draw  its  (hape  and  fize  on  the  p^per. 
Then  taking  the  length  ^  ^  in  your  compaflcs, 
and  fetting  one  foot  in  the  corner  j,  with  the 
other  foot  defcribe  the  quadrantal  arc  f /,— ^ 
Divide  this  arc  into  fix  equal  parts,  and  through 
thc;'divifion  marks  draw  right  lines  a  f,  a  bj  &c. 
continuing  three  of  them  to  the  arm  c  ^,  which ' 
are  all  that  can  fall  upon  it  ^  andp^they  will  meet 
the  arm  in  thefe  points  through  which  the  lines 
that  divide  the  hours  from  each  other  (as  in 
fig.  1.)  are  to  be  drawn  right  acrofs  it. 

Divide  each  arm,  for  the  three  hours  it  con* 
tains,  in  the  fame  manner ;  and  fet  the  hours  to 
their  proper  places  (on  the  fides  of  the  arms)  as 
they  are  marked  in  Fig.  3.  £^ach  of  the  hour 
(paces  fliould  be  divided  into  four  equal  parts, 
fox  the  half  hours  and  quarters,  in  the  quadrant 
r/ and  right  lines  Ihould  be  drawn  through 
thefe  divifion  marks  in  the  quadrant,  to  the 
arms  of  the  crofs  in  order  to  determine  the 
places  thereon  where  the  fub^divifions  of  the 
hours  muft  be  marked. 

This  is  a  very  Gmple  kind  of  univerfal  dial ; 
it  is  very  eafily  made,  and  will  have  a  pretty  un- 

common  appearance  in  a  garden. 1  have  feen 

a  dial  of  this  fort,  but  never  faw  one  of  the  kip4 
(hat  follows. 
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4n  umverfal  DiaUfimmng  tbe  H$urs vf  the D^ftj] 
a  terrefirid  Globiy  and  by  tbe  Sbsdaws  tf ftrmi^ 
Gnomons^  at  the  fame  Time :  together  with  d 
tbe  Places  of  the  Earth  which  are  then  adigbtOiA 
by  the  Sun  \  and  thofe  to  which  the  Simistba 
rifing^  or  on  the  Aderidian^  or  Setting. 

This  dial  (See  PLATE  XII.)  is  made  of  4 
•thick  fquare  piece  of  wood,  or  hoUow  mcuL 
Tbe  fides  are  cut  into  iemidrcuUr  hollows,  h 
which  the  hours  are  placed ;  the  ilile  of  CKh 
hollow  coming  out  from  the  bottom  thereof^ 
as  far  as  the  a^s  of  the  hollows  projeft.  The 
corners  are  cut  out  into  angles,  ia  the  infidesof 
which,  tbe  hours  are  alfo  marked ;  and  the  edge 
of  the  end  of  each  fide  of  the  angle  ferves  as  a 
ftile  for  cafting  a  fhadow  on  the  hours  marked 
on  tbe  other  fide. 

In  the  middle  of  the  uppermoft  fide  or  plane, 
there  is  an  equinoftial  dial  ^  in  the  center  where- 
of, an  upright  wire  is  fixt,  for  cafting  a  (hadow 
on  the  hours  of  that  dial,  and  fupporuog  afmall 
terreftrial  globe  on  its  top. 

The  whole  dial  (lands  on  a  pillar,  in  the 
middle  of  a  round  horizontal  board,  in  which 
there  is  a  compafs  and  magnetic  needle,  for 
placing  the  meridian  ftile  coward  the  fouth.  The 
pillar  has  a  joint  with  a  quadrant  upon  it,  divided 
into  90  degrees  (fuppofed  to  be  hid  from  fight 
under  the  dial  in  the  figure)  for  fetting  it  to  the 
latitude  of  any  given  place ;  the  fame  way  as 
already  defer i  bed  in  the  dial  on  the  crpfa. 

The  equator  of  the  globe  is  divided  into  24 
equal  parts,  and  the  hours  are  laid  down  upon  it 
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t  parts.    The  tiipo  of  the  d«7  may  be 
bj  1^^  bo\irs,  ^hen  the  fiin  Ibin^  upei^ 


_^^  rcftify  and  ufc  this  dial,  fct  it  on  a  level 
;^^  -^  or  fole  of  a  window»  where  the  fun  (hines, 
"^^-^  ttg  the  meridian  ftile  due  fputh,  by  means 
.  ^^^iM  needle  i  which  will  be,  when  the  needle 
^  ^>ts  as  far  from  the  north  fleur-de-lis  toward 
^^  >irtft»  as  it  declines  weftward,  at  your  place. 
^^n  bend  the  pillar  in  the  joint,  till  the  hlad^ 
on  the  piUar  comes  tq  the  latitude  qf  your 
in  dhe  quadnmt. 
The  machine  being  thus  rcdified,  the  planeof 
^^  dial'part  will  be  parallel  to  the  equator,  the 
'^ire  or  axis  that  fupports  the  globe  will  be  pa- 
rallel to  the  earth's  axis,  and  the  north  pole  of 
the  gbbe  ^11  point  toward  the  north  pole  of 
(he  heavens. 

The  fame  hour  will  then  be  (hewn  in  feveral 
of  the  holjows,  by  the  ends  of  the  Ihadows  oi 
(faeir  refpeftive  ftiles :  The  axis  of  the  globe 
will  caft  a  fliadow  on  the  fame  hour  of  the  day, 
in  the  equinoftial  dial,  in  the  center  of  which  it 
IS  placed,  from  the  aoth  of  March  to  the  23d  of 
September  I  and,  if  the  meridian  of  your  place 
on  the  globe  be  fet  even  with  the  meridian  ftile, 
all  the  parts  of  the  globe  that  the  fun  (bines 
upon,  will  anfwer  to  thofe  places  of  the  real 
earth  which  are  then  enlightened  by  the  fan. 
The  places  where  the  Ihade  is  juft  coming  upon 
the  globe,  anfwer  to  all  thofe  places  of  the  earth 
to  which  the  fun  is  then  fetting ;  as  the  places 
where  it  is  going  oflT,  and  the  light  coming  on, 
anfwer  to  all  the  places  of  the  earth  where  the  fun 
is  then  rifing.    And  laftly,  if  the  hour  of  VL 
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be  marked  on  the  equator  in  the  meridian  or 
your  place  (as  it  is  marked  on  the  nieridian  of 
London  in  the  figure)  the  divifion  of  the  light 
and  (hade  on  the  globe  will  (hew  the  time  of  the 
day. 

The  northern  (tile  of  the  dial  (oppofite  to  the 
foutbern  or  meridian  one)  is  hid  irom  fight  ia 
the  figure,  by  the  axis  of  the  globe.  The  hoars 
in  the  hollow  to  which  that  ftile  belongs,  ire 
alfo  fuppofed  to  be  hid  by  the  oblique  view  of 
the  figure :  but  they  are  the  fame  as  the  hours 
in  the  front-hollow.  Thofe  alfo  in  the  right 
and  left  hand  femicircular  hollows  are  mc^7 
hid  from  fight ;  and  fo  alfo  are  all  tho(e  on  the 
fides  next  the  eye  of  the  four  acute  angles. 

The  conftru£lion  of  this  dial  is  as  follows. 
See  PLATE  XIII. 

On  a  thick  fquare  piece  of  wood,  or  metal, 
draw  the  lines  a  c  and  i  J,  as  far  from  each  other 
as  you  intend  for  the  thicknefs  of  the  ftile  abed 
and  in  the  fame  manner,  draw  the  like  thick- 
nefs  of  the  other  three  ftiles,  efgb^iklm^md 
nop  q^  all  ftanding  outright  as  from  the  cen- 
ter. 

With  any  convenient  opening  of  the  com* 
pa(res,  as  a  /f  (fo  as  to  leave  proper  (hength 
of  (luflF  when  X  /  is  equal  to  a  A)  fet  one  foot 
in  tf,  as  a  center,  and  with  the  other  foot  de- 
fcribe  the  quadrantal  arc  A  c.  Then  without 
altering  the  compafles,  fet  one  foot  in  ^  as  a 
center,  and  with  the  other  foot  defcribe  the  qua- 
drant d  B.  All  the  other  quadrants  in  the  figure 
muft  be  defcribed  in  the  fame  manner,  and  with 
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£  opening,  of  the  compaflcs,  on  their 

'»/;  ij  if  and  fij  o:  and  each  quadrant 

into  6  equal  parts,  for  fo  many  hours, 

he^  figure  i  each  of  which  parts  mud  be 

idcd  into  4,  for  che  half  hours  and  quar- 

^ual  diftances  from  each  corner,  draw  che 

^  ines/p,  and  Kp^  Lq^  and  Mq^  Nr,  and 

J^  Sj  and  ^J;   to  form  the  four  angular 

^s  IpK,  Lq  Af,  JVr  O,  and  P  J  ^j  mak- 

%ie  diftances  between  che  tips  of  thefe  hol- 

^  as  IK,  LM^  NO,  znd  P  ^  each  equal 

^€  radius  of  the  quadrants ;  and  leaving  fuffi- 

^  room  within  the  angular  points,  p,  q,  r, 

j»  for  the  equinoftial  curde  in  the  micldle. 

To  divide  the  infides  of  thefe  angles  properly 
r  the  bour»fpaces  thereon,  take  the  following 
«hod. 

Set  one  foot  of  the  compafles  in  the  point  T, 
I  a  center  ^  and  open  the  other  to  J^,  and  with 
pac  opening,  defcribe  the  arc  Kt :  then,  with- 
IIC  altering  the  compafles,  fet  one  foot  in  K^ 
fid  with  the  other  foot  defcribe  the  arc  //• 
Hvide  each  of  thefe  arcs,  from  /  and  K  to  their 
fterfeftion  at  /,  into  four  equal  parts;  and 
rom  their  centers  /  and  K,  through  the  points 
f  divifion,  draw  the  right  lines  /j,  /4,  I  g^ 
6,171  and  Ki,  Ki^  Jf  12,  Kii\  and  they 
ill  meet  the  fides  Kp  and  Ip  of  the  angle  Ip  K 
here  the  hours  thereon  muft  be  placed.  And 
lefe  hour-fpaces  in  the  arcs  muft  be  fubdivided 
ito  four  equal  parts,  for  the  half  hours  and 
uarters.— -^Do  the  like  for  the  other  three 
igles,  and  draw  the  dotted  lines,  and  fct  the 

hours 
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hourtih  the  tnfides  where  thofe  lines  meet  dia^' 
aa  in  the  figure  :  ind  the  like  bour^lincs  will  be ' 
parallel  to  each  other  iii  all  tk€  quadrancs  and  ia 
all  the  angles^ 

Mark  points  for  all  thefe  hours,  oh  the  upper 
fide  and  cut  out  all  the  angular  hollows,  md 
the  quadrantal  ones  quite  through  the  plam 
where  their  four  gnomons  muft  (land  ;  and  lif  ' 
down  the  hours  on  their  infidcs,  as  in  Plate 
XII,  and  then  fkt  in  their  four  gnomons^  whkb 
mult  be  as  broad  as  the  dial  is  thick  ;  and  dui 
breadth  and  thicknefs  muft  be  hrge  enough  » 
keep  the  fhadows  of  the  gnomons  from  ever 
falling  quite  out  at  the  fides  of  the  hollowa,  evea 
when  the  fun's  declination  is  at  the  greaceft. 

Laftly,  draw  the  equinoftial  dial  in  tlie  mid- 
dle»  all  the  hours  of  which  ai^  equidiftant  from 
each  other  i  and  the  dial  will  be  fini(hed# 

As  the  fun  goes  round,  the  broad  etid  of 
the  (hadow  of  the  ftile  abed  will  (hew  the  hours 
in  the  quadrant  A  r,  from  fun  rife  till  VT  in  the 
morning ;  the  Ihadow  from  the  end  Af  will  Ibev 
the  hours  on  the  fide  Lq  from  V  to  IX  in  the 
morning  j  the  Ihadbw  or  the  ftile  efg  Bin  the 
quadrant  Dg  (in  the  long  days)  will  (hew  the 
hours  from  uin-rifc  till  Vlin  the  mornings;  and 
the  fiiadow  of  the  end  N  will  (hew  the  morning 
hours,  on  the  fide  O  r,  from  III  to  VII. 

Juft  as  the  fiiadow  of  the  northern  ftile  a^icd 
goes  ofi^  the  quadrant  /Ic^  the  fiiadow  of  the 
K>uthern  ftile  i  k  I  m  begins  to  fall  within  the 
quadrant  F/,  at  VI  in  the  morning  ;  and  fticwsf 
the  time,  in  that  quadrant,  from  VI  till  XII  at 
4  noon  I 
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nooA^  and  fwrn  nooa  till  VI  m  the  evening  in 
the  quadrant  i9»  £•  And  the  (hadow  of  che  end 
^  O  (bews^  the  time  fpom  Xi  in  ihe  forenoon  tili 
jIII  in  the  afternoon,  on  the  fide  r  N\  as  the 
!  (hadow  of  the  end  P  (hews  the  time  from  IX  in 
Hthe  mormiig  tilH  o'clock  in  the  afternoon^  on 
ib^fide^i* 

At  nooAv  ith«n  the  jflliadow  of  the  eaftern  ftile 
^/ j^  ^  S^'i^  ^^  ^^^  quadrant  b  C  (in  which  i)& 
ihewed  the  tunc  from  VI  in  the  morning  till 
noon,  as  it  did  in  the  quadrant  g  D  from  fun- 
rife  till  VI  in  the  nK>ming)  the  (hadow  of  the 
weftei^n^ flile  ncpq  begins  to  enter  the  quadrant 
Hp  ;  wad  (hews  the  hour9  thereOn  from  XII  at 
noon  tiU  Vt  in  the  evening ;  and  after  that  tilt 
ftin-fet»  in'  the  quadrant  q  G :  and  the  end  ^ 
cafts  a  (hadow  on  the  fide  P  s  from  V  in  the 
evening  till  IX  ac  night,  if  the  fun  be  not  fee 
before  that  time. 


The  (hadow  of  the  end  /  (hews  the  time  on 
the  fide  Kp  from  III  till  VII  in  the  afternoon  ; 
and  the  (hadow  of  the  ftile  aicd  (hews  the  time 
from  VI  in  the  evening  till  the  fun  fcts. 

The  (hadow  of  the  upright  central  wire,  that 
fupports  the  globe  at  top,  fliews  the  time  of  the 
day,  in  the  middle  or  equinoAial  dial,  all  the 
fummer  half  year,  when  the  fun  is  on  the  north 
fide  of  the  equator. 

In  this  fupplement  to  my  book  of  Leftures, 
all  the  machines  that  I  have  added  to  my  appa- 
ratus, fince  that  book  was  printed,  are  de- 
fcribed)  excepting  two  i  one  or  which  is  a  model 

of 
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of  a  mill  for  fawing'timb6r»  and  the  other  is  t 
model  of  the  great  engine  at  London-bridge, 
for  railing  water.  And  my  reaibns  for  leayiog 
them  out  are  as  follow. 

Firft»  1  found  it  impodible  Co  make  fuc/i  a 
drawing  of  the  &w-mill  as  could  be  underftood ; 
becaufe,  in  whatever  view  it  be  taken,  a  grat 
many  parts  of  it  hid  others  fron^  fighc  And, 
in  order  to  (hew  it  in  my  Leftures,  I  am  obliged 
to  turn  it  into  all  manner  of  pofitions. 

Secondly,  Becaufe  any  perlbn  who  looks  on 
Fig.  1.  of  Plate  XII  in  the  book,  and  reads 
the  account  of  it  in  the  fifth  Ledure  therein, 
will  be  able  to  form  a  very  good  idea  of  the 
London-bridge  engine,  which  has  only  two 
wheels  and  two  trundles  more  than  there  are  in 
Mr.  Aldajtcf%  engine,  from  which  the  faid  figure 
was  taken. 
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